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A FIVE-YEAR RECORD OF LIGHTNING STORMS AND FOREST FIRES 


By H. T. Gisporne, 


[Northern Rocky Mountain Forest Experiment Station, Missoula, Mont.] 


According to the records compiled by the supervisors 
of the national forests in the northern Rocky Mountain 
region, oe has been responsible for a greater 
number of fires, more burned area, more damage, and 
more expense of suppression in this territory than all 
other causes of forest fires combined. Smokers, campers 
brush burners, incendiarists, lumbering operations, an 
railroads combined start annually an average of 379 fires 
on these 23,000,000 acres of Federal forest land, but 
lightning is credited with an annual average of 824 fires 
during the 10-year period, 1919 to 1928. In 1926, which 
is accepted as one of the worst seasons for lightning fires 
311,607 acres of Federal, State, and private forest land 
in Idaho and Montana were burned over by fires started 
by lightning. The damage on this area was evaluated 
at $3,572,000, while the Federal Government alone spent 
Seemaicl, $948,000 for fire suppression. 

hese conditions have long been recognized as one of 
the major impediments to successful lumbering and 
forestry. As lumbering, which must depend in the future 
upon forestry, is one of the basic industries in this sec- 
tion of the country the economic importance of lightning 
storms is obvious. It is apparent that no industry sub- 
jected to such a chance of loss as has been indicated can 
operate as cheaply and efficiently as it could if the danger 
were fully understood and at least partially controlled. 

Early in 1922 the Northern Rocky Mountain Forest 
Experiment Station commenced an investigation of 
lightning storms, working in cooperation with the Forest 
Service administrative organization, which had studied 
the occurrence of lightning-caused forest fires ever since 
the national forests were created. The administrative 
study had localized the danger both in time and by area, 
but it had not attempted to investigate the storms which 
are the causes of these fires. he research project, 
initiated in 1922, has been conducted for the purpose of 
assembling more and better information concerning the 
occurrence and characteristics of these storms which 
cause so much loss and expense. 

_ As Morrell has pointed out (11)! the possibility of 
protection lies chiefly in reaching forest 
fires quickly and attacking them before they get large, 
with an adequate and properly equipped crew of men. 
Forest fires can be HAH By with speed if they are few in 
number, or even when numerous, if the forest protective 
organization has a reasonably definite warning that such 
fires are probable. If warnings are available, men engaged 


' The boldface figures in parentheses refer to literature cited. 
61309—31——_1 


on other work can bé moved to locations more strategic 
for fire suppression, and additional men can be hired 
specifically oe such an emergency. But when a single 
national forest of 600,000 acres, such as the Kaniksu in 
northern Idaho, is visited without any warning by light- 
ning storms, that in one day start over 150 forest fires, 
as occurred on July 12, 1926, no forest protective organ- 
ization is able to expand fast enough to cope with the 
situation. Under such conditions several fires are certain 
to be left without attention long enough for them to 
become so large that they spread as conflagrations 
through the crowns of the trees. One such crown fire 
often burns over more area, destroys more timber, and, 
after it drops to a ground fire and becomes approachable, 
often costs more for its suppression than a hundred or 
even a thousand other forest fires which are reached and 
extinguished before they have an opportunity to attain 
such momentum. 

Such occurrences make very clear the importance and 
profitable application of warnings of lightning storms, 
especially if the warnings could be made available two or 
three days in advance, and could cover not only storm 
occurrences but also storm fire-starting probabilities. 
With such warnings action could be taken that would in 
nearly all cases reduce lightning fire damage and expense 
toaverysatisfactory minimum. Evenat present, with the 
weather predictions limited to a period of 36 hours and 
with no indications contained in the forecasts concerning 
the fire-starting characteristics of the storms, considerable 
progress is being made. Present investigations have 
contributed materially toward more accurate forecasts by 
obtaining more detailed records of storm occurrence. 
They have also found (5) that the types of storms which 
commonly start many fires can be distinguished from the 
types which do not start many fires. Furthermore, 
methods have been developed for measuring forest in- 
flammability so that the danger of ignition and rapid 
spread can now be determined as a basis for administra- 
tive action (6). 

The data herewith presented add to previously pub- 
lished information on lightning storms in this region 
largely through the increase in evidence on which the 
deanmsbons are based. Some of the conclusions previously 
stated must now be slightly modified, but many are 
greatly strengthened by these 14,754 reports covering a 
5-year period, as compared to the 3,800 reports for two 
years used as a basis for the first report. Some new 
aspects of the situation are also apparent in this greater 
volume of data. 

139 


ue 

4 
> 

a 
} 
4 
: 

i 
% 

3 
/ 

2 
: 

4, . 

} 

2. 

: 

= 


he 


140 MONTHLY WEATHER REVIEW 


OCCURENCE OF STORMS 


One of the vutstanding discoveries resulting from this 
study is the knowledge that lightning storms are far more 
frequent in the forested sections of this region than 

revious records, largely obtained at low-elevation non- 
orest stations, had indicated. The present. records, 
which are most complete for July and August, less com- 
plete for June and September, and fail entirely to cover 
the other eight months of each year, give for the region as 
a whole an average of 88 shedladarubeiiee days each season, 
for the five years studied, as follows: 1924, 85; 1925, 95; 
1926, 83; 1927, 87; and 1928, 88 days. For this same 
region Alexander’s compilation, (2) which is quoted by most 
meteorological authorities, records only 10 to 30 thunder- 
storm days per year at individual Weather Bureau 
stations of the first order.’ 


FIG.I 
MAP OF THUNDERSTORM OCCURRENCE. 


CANADA 


WASHING TON 


ON 


AVERAGE NUMBER OF THUNDERSTORM DAYS EACH SUMMER, 
FOR GROUPS OF NATIONAL FORESTS, BASED ON RECORDS 
1924-1926 INCLUSIVE. FOR NORTHERN IDAHO AND WEST— 
ERN MONTANA AS A REGION THESE DATA INDICATE AN 
AVERAGE OF AT LEAST 88 THUNDERSTORM DAYS 
PER YEAR. 


This large increase in storm occurrence, indicated by the 
Forest Service data, is partly explained by the fact that 
the region has been treated as a unit, whereas Alexander’s 
summary considers each observation station as a unit. 
Compilation for relatively large areas is justified, however, 
by the fact that fire-protection work is administered by 

ederal and State officials for areas seldom less than a 
hundred thousand acres and usually comprising many 
millions of acres. Weather forecasts also are usually 
worded to apply to large areas, half a State or more, and 
consequently must be based upon and should be rated 
according to the records of many stations. In this report 
relatively large areas are consequently treated as units. 

Another important reason why the present summary 
shows more thunderstorm days than other records is the 
recognized more frequent occurrence of lightning storms 


? This is also true of other parts of the western third of the United States —Ep. 
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over forested, mountainous areas, in contrast to their 
frequency over low elevation, valley or plains stations 
oaak as Spokane, Kalispell, Helena, Lewiston, etc., where 
the regular Weather Bureau observations are made. 

The large number of thunderstorm days reported is also 
explained by the fact that the Forest Service observers 
used in this study consisted largely of the lookout men 
stationed on 270 or more high mountain tops continually 
scanning great areas and wide horizons for the streamers 
of smoke that locate forest fires. From these high points 
it is almost impossible for a thunderstorm to occur within 
30 or 40 miles of a station without being seen or heard by 
the observer. It is probable that few, if any, storms es- 
cape detection during July and August, when these ob- 
servatories are all occupied. 

A fourth reason why the present data show more storm 
days than indicated by other sources of information may 
be that thunderstorms have been more frequent during 
the past few years. Such is the local opinion, but the 
lookout-station records do not cover a sufficient number of 
years to give either support or denial to this belief. 

When the regional data obtained in this study are sub- 
divided into smaller units, such as groups of national 
forests, a marked reduction in thunderstorm frequency is 
shown; yet even the totals surpass those based on obser- 
vations at low-elevation stations largely outside the 
forests. The frequency for these small groups of forests 
is shown by Figure 1; and Table 1 permits comparison of 
these figures with those resulting from carrying the sub- 
division down to individual national forests. 


TABLE 1.—Relation of number of thunderstorm days to number of 
lightning fires per 100,000 acres for individual forests and forest 
groups in the northern Rocky Mountain Region 


Thunderstorm days, by years ! Fires 
100,000. 


Group and forest 
1925 1928 


& 


SE S| Bi SSESSN SBR F/B 


1 Records for period June to September. June and September data are fragmentary. 
2 Group averages are higher than the averages for the forests (as explained in the text), 
since two or more forests may or may not report storms the same day. 


These data show that on areas as large as a national 
forest, or a group of forests, thunderstorm mune” 8 has 
been double to quadruple that indicated by W. H. 
Alexander’s isoceraunics (ibid.) in this region. This does 
not imply any inaccuracy in the Weather Bureau reports, 
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but it emphasizes the need for detailed records from the 
forested mountain areas and for special analyses of such 
data as a basis for forest-fire weather predictions. 

In estimating the danger resulting from lightning storms 
one might easily be led to believe that the group of forests 
having the most frequent exposure to lightning as shown 
in Figure 1 would have the greatest number of fires per 
unit of area. On such a basis the Kootenai-Cabinet- 
Flathead-Pend Oreille-Lolo group, with 62 thunderstorm 
days per year, should show the greatest number of light- 
ning fires per 100,000 acres; but Table 1 shows that this 
is not the case. 

The fact that the number of lightning fires per unit of 
area is not entirely dependent upon frequency of thunder- 
storms, is clearly shown by this comparison of data. 
This lack of correlation can also be shown for the region 
as a whole when the records for each of the past five 
seasons are compared. For example, an increase of 12 
per cent in the number of storm days from 85 to 95, 
resulted in an 80 per cent increase in the number of 
lightning fires, from 1924 to 1925. In 1926 the number 
of storm days decreased 2 per cent, but the number of 
fires increased 42 per cent, as compared to 1924. In 1927 
there were 2 per cent more storm days, but 28 per cent 
more lightning fires than in 1924. In 1928 there were 
3% per cent more storm days and 14% per cent more 
fires than in 1924. Hence, it appears that regardless of 
whether the problem is considered by groups of forests, 
or by years, thunderstorm frequency alone is not a depend- 
able criterion of the probability of lightning-caused 
forest fires. 

This information indicates that forecasts of thunder- 
storm days are not sufficient as a warning of lightning- 
fire danger. Additional information is needed for the 
region as a whole as to the extent and the character of 
the storms each day. The importance of extent of the 
storms is demonstrated by Table 2, which shows that as 
more and more stations within the region report storms 
in one day, the proportion of reports indicating fire- 
starting storms increases very rapidly. When there 
were few storms—only 1 to 10 stations reporting them— 
usually less than one station per day, or about 5 per 
cent of the reporting stations, stated that fires resulted. 
When there were widespread storms—from 201 to 304 
station reports in one day— approximately 71 reports, or 
about 28 per cent, staked, that resulted. ; 


TaBLE 2.—Comparison of fire-starting storms with thunderstorm 
rir poe on basis of number of stations reporting storms, 


Reports of 
ports o 
Stations reporting storms in one day | Thunderstorm days ‘fre start- | ing storms 
¥ | reported, 1924-1928 ing storms |per thunder 
storm day 
Number Number | Per cent | Number Number 
29 7 105 3.6 
3 1 85 28.3 
to 7 2 238 24.0 
ll 2 776 70. 6 
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It is apparent from this compilation that the fire 
problem was almost negligible on 54 per cent of the 
thunderstorm days during the past five fire seasons, when 
from 1 to 10 stations reported storms each day. How- 
ever, on 45 days, when from 11 to 20 stations reported 
storms, there was an average of at least one report that 
fires resulted. When from 21 to 30 stations detected 
storms there were nearly 4 reports each day stating that 
fires resulted. As one report of a fire-starting storm 
always means that from one to several fires were dis- 
covered, it is obvious that the occurrence of fires in- 
creases with the number of stations reporting storms, 
and that the need for forecasts increases in the same way. 
From the evidence available it appears that whenever 
less than 40 stations have reported storms in this region 
in one day no marked regional danger resulted. This 
might be accepted tentatively as an approximate measure 
of the need for regional forecasts, the greatest need be- 
ginning whenever more than 40 stations are apt to re- 
port storms in one day. 

Table 3 cites the exact dates, during the 5-year period 
studied, when more than 40 stations reported the occur- 
rence of lightning storms. This tabulation may be of 
research value in the study of conditions which have 
during this period caused greatest forest-fire danger in 
this region. 

TaBLE 3.—Occurrence of dangerous thunderstorm days by number of 
stations reporting storms 


Number of Date of occurrence of storms 
stations re- 
po 
storms 1924 1925 1926 1927 1928 

41 to July 1,2,3_| June Jaly July 22,24 July 5,8 

61 to 80__._- July July 10, 11, 16_| June July June 25, 28 
July 1, 14, 26.) Aug. 6, 11,21. July 29. 

July 17, 23, 29_| June July 14, 25, 26__.| June 26, 27, 
Aug. July 4,5, 12_.} Aug. 3, 4, 7, 8, | July 4,13. 

10, 17, 25. : 

151 to 200..._| Aug. 16 July 22, 28 July €.....4, Aug. 1, 2, 22, 28.; July 17, 19, 


The occurrence and extent of storms are also shown 
graphically in Figure 2, which reveals, better than a 
tabular statement, the relation of the days with few 
reports to the days of widespread occurrence of storms. 
It is believed that such information should serve as a 
basis for the study of the weather types that result in 
storms in the northern Rocky Mountain region, as 
Alexander (1) has done for the State of Washington. 
Such work, however, which may prove to be extremely 
difficult, as pointed out by Henry (8), is more a field 
for meteorologists. No attempt is made in the present 
report to analyze this phase of the problem. It is evi- 
dent, however, that such analysis is basic to most ac- 
curate forecasting, and that the collection of field data 
by the Forest Service should be cones to supply all 
possible information needed by the Weather Bureau. 


CHARACTERISTICS OF STORMS 


Although it has been shown that the more widespread 
the occurrence of thunderstorms the greater the propor- 
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tion that are reported as starting fires, more information 
than this must be available to the forest protective 
organization in order to determine whether exceptional 
action is needed to meet the danger most efficiently. 
Some of the factors involved are entirely independent of 
the thunderstorms, and include the timber type (13), 
the prevalence of inflammable fuels, the seasonal dryness 
and inflammability of these fuels, and the character of 
the weather during the preceding days and weeks. These 
factors are important because green trees, unless covered 
with lichens, do not ignite as readily as dead trees, or snags. 
There are more chances of ignition where the volume of 
dead wood is great than where there is less dead and down 
wood. Early in the season most of the forest materials 
are usually considerably wetter, both on the surface and 


FIG... 
OCCURRENCE OF THUNDERSTORMS. 
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in the interior of the piece, and consequently less inflam- 
mable than during late August and early September. 
Likewise, if recent rains have moistened the forest fuels, 
or if recent hot spells have dried them, the results of a 
certain storm or a certain number of storms may differ 
greatly. All of these factors are recognized by forest 
protective organizations, and the importance of predic- 
tions of lightning storms is rated accordingly. 

The storms themselves also vary so much that no two 
may be expected to produce similar results, even though 
both might theoretically cover equal areas of similar 
timber type, fuel volume, fuel inflammability, etc. 
Every experienced forest officer recognizes this fact and 
knows that there are certain characteristics which dis- 
tinguish generally safe storms from prolific fire starters. 
For example, it is obvious that storms with more than 
the usual number of flashes and with a large percentage of 
the bolts striking the ground will start more fires than 
storms with only few flashes, and those largely confined 
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to the clouds. It is also obvious that if the storm brings 
only a light rain of short duration more fires are apt to 
result than if the rain is heavy and of long duration. 
The present study has shown that it is possible to deter- 
mine average values of these characteristics so that they 
may be recognized and rated specifically and uniformly 
by all observers. 

Alexander (1) has stated, basing his remarks on a 
few reports for the State of Washington, that the per- 
centage of flashes reported as having been confined to the 
clouds and the total number of flashes in each storm (the 
latter not always stated) do not offer a very reliable 
basis for a comparison of percentages as between “‘safe”’ 
(nonfire-causing) and dangerous (fire-causing) storms and 
can not at present be given much weight as determinants 
of the safety factor. He finds a similar lack of authority 
in reports of the duration of precipitation before and 
after the flashes. A mathematical analysis of the several 
thousand reports available for the northern Rocky 
Mountain region, however, does not support his conten- 
tion. The analysis shows that the general electrical and 
rainfall characteristics of lightning storms can be observed 
by field men and that average conditions can be specified, 
departures from which will indicate whether the storms 
being observed are apt to cause more forest fires or are 
apt to be less troublesome, in this region. 

It is highly desirable that these characteristics be 
determined so that inexperienced lookouts and rangers 
will be better able to evaluate the degree of danger in 
the storms that they are observing, often hours before 
the lightning fires send up enough smoke to be detected. 
These few hours of possible preparation, between studying 
the storm and discovering the fires, often determine the 
difference between full preparation to cope with many 
fires and lack of that preparation, with resultant large 
expense and damage. So long as lightning storms do 
vary in their ability to start fires, and so long as the official 
forecasts can be expected merely to indicate that storms 
of some sort will occur, experience has shown that fire 
control can at present be improved by utilizing even the 
most generalized estimates of the fire-starting ability 
of lightning storms. 

The present criteria of these conditions are admittedly 
no better than other mathematical averages based on a 
large volume of data. They serve, however, to evaluate 
conditions which are being and must be observed. They 
provide usable measuring sticks, crude as they may be, 
for the men who must use them. They represent what 
is believed to be the first attempt to evolve such criteria 
of thunderstorm danger, and like most first attempts, 
they are capable of considerable improvement. A new 
form of report has recently been devised, which is expected 
to constitute one small improvement, and the observers 
are continually being trained to produce more complete 
and accurate reports. Eventually, it is hoped to improve 
the data still more by the use of instrumental measure- 
ments. 

PRECIPITATION 


When this investigation was commenced in the northern 
Rocky Mountain region in 1922, and when the field report 
form was revised in 1924, an attempt was made to obtain 
observations of the rainfall with each storm, most of which 
are single cloud affairs often only a few miles in diameter. 
Only about half the storm clouds pass directly over obser- 
vation points, even when these are but 20 miles apart, 
and consequently rain-gage measurements could not be 
depended upon to give data on all storms. However, 
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lookouts at their high mountain-top station are frequently 
called upon by their supervising ranger to “‘size up” 
storms some distance away. Is it raining hard from the 
storm? How long has it been raining in Deep Creek? 
What drainages are getting soaked the best? These are 
typical questions asked of the lookout by his ranger. 
Therelots, on the new report form lookouts were asked 
for determinations of the number of minutes of rainfall 
ahead of the lightning, the intensity of the rainfall accom- 
panying the lightning, and the number of minutes of 
precipitation after the section of the 
storm had passed on, and, when the storm-cloud passes 
overhead, the actual measurements by rain gage. 

Analyses of these data have shown that 92 per cent 
of the thunderstorms in this region are accompanied by 
some rain. Hence the information. most urgentl 
needed concerns the rainfall ahead of the lightning, whic 
may moisten the fuels so that they will be too wet to 
ignite; and the rainfall with and following the lightning, 
which may extinguish — fires that do start. The 
analyses have failed to find any value in the reports of 
the intensity of the rainfall accompanying the lightning, 
and the original reports do not permit a determination 
of its duration. The other two features have been devel- 
oped as follows, in Tables 4 and 5. 

The outstanding feature of Table 4 is the determina- 
tion based on 9,549 observations that with the average 
lightning storm in the northern Rocky Mountain region 
rain reaches the ground and moistens the fuels at any 
particular place for about 12 minutes before the lightning 
commences to flash over or to strike down to that point. 
This might be called the “‘scud rain,” as it occurs ahead 
of the lightning-bearing portion of the cloud, approxi- 
mately under the roll scud, and, as shown by these 
measurements, passes over very quickly. 


TaBLe 4.—Record of rainfall ahead of the lightning in both wet and 
dry storms, 1924-1928 


Average number of minutes of rainfall by years | Basis, 


All obser- 
1924 1925 1926 1927 1928 years | vations 


7 8 9 4 12 8 662 

6 12 9 16 13 13 

12 8 21 ll 10 12 4,012 

Group IV 19 12 31 9 14 2, 251 

17 12 20 10 11 13 
13 10 21 ll ll 12 9, 549 


_ | These groups of national forests correspond, with but two exceptions, to those used 
in the first report on this study, as follows: Group I, Beaverhead, Deerlodge (no data), 
Helena; Group II, Lewis and Clark, Missoula, Bitterroot; Group III, Blackfeet, Flat- 
head, Cabinet, Kootenai, Lolo, Pend Oreille; oy IV, Clearwater, St. Joe, Coeur 
d’Alene, Kaniksu; Group V, Selway, Nezperce. The exceptions are the stopping of 
records from the Jefferson Forest, which was included in Group I of the first report, and 
the change of the Lewis and Clark from Group I to Group II, where its fire records assign 
it with most agreement. 


TasLe 5.—Record of rainfall following the lightning in both wet and 
dry storms, 1924-1928 


Average number of minutes of rainfall by years | Rasis, 
number 
Forest group 
o 
1924 | 1025 | 1926 | 1927 | 1928 | yours | vations 
25 42 33 44 29 651 
15 34 28 38 30 31 855 
29 70. 34 33 39 4,010 
56 26. 81 33 27 38 2, 187 
28 40 55 37 32 38 1, 781 
Region__...._...... 40 31 64 35 33 37 9, 484 
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The most important fact in Table 5 is the regional 
average for the 5-year period, showing that on the basis 
of 9,484 observations there is an average of 37 minutes of 
rainfall which may be counted on after the lightning has 
ceased to moisten the fuels and prevent the spread of 
fires caused by the lightning. This rainfall following the 
lightning probably is largely the so-called ‘‘secondary 
rain’’ described by Humphreys (9) in his analysis of the 
structure and behavior of thunderstorms. 

In the preliminary investigation, based on the data for 
1924 and 1925, averages of 11 minutes’ rainfall ahead of 
the lightning and 33 minutes’ following it were obtained. 
These averages were based on 2,455 reports. It is 
obvious from Tables 4 and 5 that the addition of data for 
three more seasons, raising the basis to over 9,400 reports, 
has not changed the first determinations materially. 

Knowing the average duration of rainfall ahead of the 
lightning, and following it, the important question 
immediately arises: Do the storms that started fires show 
any appreciable differences in amount of rainfall when 
—— to storms that did not result in fires? The 
available data on this phase of the problem are shown in 
Tables 6 and 7. The number of reports used as a basis in 
these tables is less than shown in Tables 4 and 5, because 
many reports failed to state specifically whether or not 
the storm started fires. 


TaBLeE 6.—Record of number of minutes of rainfall ahead of the 
lightning in fire-starting as contrasted with nonfire-starting storms, 
1924-1928 


storms storms 
Year 
Av Basis, | Average | Basis, 

] | reports | rainfall | reports 

Number | Minutes | Number 
mal 9 718 426 
12 1, 622 7 575 
Total and average. 14.6 4, 135 8.7 2, 120 


This table shows an average difference of 5.9 minutes in 
the duration of the scud rain ahead of the lightning is 
dangerous as compared to safestorms. Although.this is a 
small absolute quantity, it is proportionately very large 
(68 per cent of the 8.7-minute average) ; and it is also con- 
sistently true that each year the nonfire-starting storms 
have a greater average rain than the fire-starting storms. 
This being true, and considering the basis of 6,253 reports 
over a 5-year period, it seems entirely safe to conclude 
that there is an appreciable and a significant difference in 
the amount of the rainfall ahead of the lightning in safe 
and dangerous storms. 


TABLE 7.—Record of number of minutes rainfall following the 
ioeees” fire-starting as contrasted with nonfire-starting storms, 
924-1 


Nonfire-starting Fire-starting 
storms storms 
Year 
A Basis, | Average| B 
rainfall reports | rainfail =. 
Minutes | Number | Minutes | Number 
Total and average - - 44.0 4, 156 30.8 2, 138 
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| Nonfire-starting | Fire-starting 2 
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In Tables 7, again, for the secondary rain following 
the lightning, the data show 13.2 minutes, or 43 per cent 
longer rainfall for storms which did not start fires than for 
dangerous storms. Here, also, a large number of reports 
covering a 5-year period are used as a basis. And again 
the data are consistent; no average for any one year in the 
fire-starting storms is greater than the general average for 
all nonfire-starting storms, and no single average for the 
safe storms is less than the general average for the dan- 
gerous storms. 

Tables 6 and 7 seem to demonstrate rather conclusively 
that fire-starting storms in this region are generally 
characterized by less rainfall, both ahead of and following 
the lightning, than safe storms which are characterized by 
precipitation over longer periods. 

The principal se served by these averages in 
Tables 4, 5, 6, and 7 is the approximate determination of 
a condition which varies within wide limits, so that definite 
averages can be stated above which departures generally 
indicate less than the usual need for fire control, and 
below which departures indicate more need for action. 
The averages given, however, include both dry and wet 
storms. It is therefore possible to eliminate the dry 
storms and by considering only those which brought 
some rainfall, either ahead of or following the lightning, 
to determine the duration of the rainfall only for the wet 
storms. Naturally, this duration will be appreciably 
greater than the average determined on the basis of bot 
wet and dry storms. 

Of 7,093 reports of both classes of storms only 48 per 
cent state no rain ahead of the lightning. The remainin 
52 per cent state an average of 25 minutes of rain ahea 
of the lightning. As would be expected, this is approxi- 
mately double the average for both wet and dry storms. 
On this basis it is evident that the average storm reported 
as having rain ahead of the lightning may be expected 
to bring about 25 minutes of precipitation. 

The records show that there is a smaller proportion of 
storms that are dry following the lightning than of those 
that are dry ahead of the lightning. Only 33 per cent of 
a total of 6,983 reports stated that no rain fell after the 
lightning had passed on. The other 67 per cent show an 
average rainfall of 58 minutes’ duration. This time in- 
terval, which can be used as an additional criterion of 
degree of danger in this region, indicates that the “‘sec- 
ondary rain” described by Humphreys occurs in about 
two-thirds of all the thunderstorms in this region, and 
lasts for about one hour. 

Further examination of the data on rainfall ahead of 
the lightning, by subdivisions of the region, shows that, 
for each of the five groups of forests previously described, 
the conclusion holds true that there is less rainfall ahead 
of the lightning with fire-starting storms than with safe 
storms. Table 8 shows the averages and the number of 
reports on which they are based, for each of these groups. 
TaBLe 8.—Record of number of minutes’ rainfall ahead of lightning 


in fire-starting as compared with nonfire-starting storms, by forest 
groups, 1924-1928 


Nonfire-starting | Fire-starting 
storms | storms 
verage verage 
rainfall Reports rainfall | Reports 
Minutes | Number | Minutes | Number 
15.4 1, 637 6.8 803 


1 Reports used for Table 8 are the same as used for Table 6. 
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In the same way the data on rainfall following the 
——- (Table 9) show that in each of the five groups 
of forests there was less rain after the lightning in fire- 
starting storms than in safe storms. 


TaBLE 9.—Record of number of minutes rainfall following the 
lightning in fire-starting as compared with nonfire-siarting storms 
by forest groups, 1924-1928 


Nonfire-starting Fire-start: 
storms storms 
Forest group 
Average | Reports | AVerS8° | Reports 
Minutes | Number | Minutes | Number 
0 507 23. 2 36 
34.2 548 18.4 99 
44.0} 14,156 30.8 12,138 


1 The reports used for Table 9 are the same as used for Table 7. 


No attempt is made in this report to determine statis- 
tically the probable error of these averages, or the signifi- 
cance of differences between the averages for the various 

roups. Apparently the actual use of the criteria by 
ookouts and others will not be affected at present if the 
regional averages are used by all forests regardless of their 
group, because in all cases departures from the regional 
averages are similarly significant in each of the groups. 


DRY STORMS 


Although most lightning storms bring some rain with 
them, so-called “dry lightning storms” are often credited 
with starting a large proportion of forest firesin this region. 
It is entirely reasonable to believe that such storms are 
decidedly apt to start fires if their bolts are numerous, and 
if they reach dry fuels on the ground. The records show, 
however, that only 6 to 10 of every 100 lightning storms 
recorded in this investigation (14,754 reports) were dry, 
delivering no rain whatever to the ground beneath the 
storm cloud. The reports (8,408) which were definite 
with regard to both the rainfall and the fire-starting 
character of the storms, showed that only 33 per cent of 
the dry storms were fire starters. Hence, only 2 or 3 
storms out of 100 are both dry and fire starters. 

The occurrence of these dry lightning storms in this 
region is interesting in two respects. First, these reports 

rove the occurrence of a type of thunderstorm not 
included by some meteorological definitions; and, second, 
the so-called dry storm is popularly credited in this region 
as being the most dangerous fire starter. During the 
5-year period covered by this study, the tabulation of 
1,238 reports of lightning storms with no rain before, with, 
or following the lightinng, out of a total of 14,754 reports 
should remove all doubt as to 2 storm occurrences. An 
such conditions depart decidedly from Clayton’s descrip- 
tions (4) and rem with Moore’s definition of a thun- 
derstorm (10). This definition reads: ‘‘The thunder- 
storm, so familiar to everyone, may be defined as a local 
rain accompanied by lightning, thunder, gusts of wind, 
and frequently hail.” Humphrey’s definition (Op. cit.), 
‘‘A thunderstorm, as its name implies, is a storm charac- 
terized by thunder and lightning . . .,” appears to apply 
more conclusively in this region. 

Of the reports of absolutely dry storms, stating defi- 
nitely whether or not fires resulted, 68 per cent showed that 
no fires resulted. Of the definite reports of wet storms, 
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on the other hand, 66 per cent stated that no fires resulted. 
This close similarity refutes the popular conception that 


dry storms as a class are more dangerous than wet storms. . 


It also raises a question concerning other data, previously 
presented, which show for the majority of lightni 
storms that with less rain there are more fires, and wit. 
more rain less fires. 

The reason for this apparent anomaly undoubtedly lies 
in the nature of dry thunderstorms, in which the flashes 
are generally few, and nearly all confined to the clouds. 
The meteorological reasons for these peculiarities in 
activity may lie in the well-supported theories (9) that 
violent, turbulent action of large masses of drops of water 
forming the cloud are most favorable to the generation of 
lightning, and that practically continuous sheets of water 
(rain drops) and streaks of highly ionized air form favor- 
able paths for the bolts. Hence, clouds too small to pre- 
cipitate moisture enough to reach the earth (as in dry 
storms) may often be large yrs and active enough to 

enerate a few flashes which will be almost entirely con- 
ned to the clouds. Large, active, and rain-producing 
clouds, on the other hand, may be expected to produce 8 
greater number of flashes, with a greater number of bolts 
striking the ground. 
LIGHTNING 


That the proportion of the lightning flashes confined to 
the clouds has an appreciable effect upon the starting of 
fires is shown by the analysis of the records bearing on 
this feature. Table 10 shows this for the region as a 
whole by years. The safe storms consistently show a 
higher percentage of lightning confined to the clouds than 
do the dangerous storms. | 

The significance of data concerning percentage of 
igh iain confined to the clouds, and striking the ground, 
obviously would be increased if the total number of flashes 
per unit of time, or the total number as a storm passed 
over a certain spot, were known. It has been found 
difficult, however, to obtain such counts as accurately as 
desired. Consequently, this aspect of the problem can 
not be examined at present. ork is being done, never- 
theless, to obtain this information for later use. 


TaBLE 10.—Percentage of lightning flashes confined to the clouds 


Nonfire-starting Fire-starting 
storms storms 


Year Flashes 
infin: 


number 

phage of reports pee of reports 

Average Average 

per cent per cent 
Average and total_...............-.-._. 76 5, 487 56 2, 731 


_ This summary for the region, based on 8,218 observa- 
tions, shows 20 per cent more lightning confined to the 
clouds in safe storms than in dangerous ones. From these 
data it is possible to establish indexes of the degree of 
danger as influenced by this factor. It is apparent that 
as a general rule if less than half of the lightning is con- 
fined to the clouds the storm is of the fire-starting type, 
Whereas if more than three-fourths of the lightning stays 
in the clouds the storm is of the safe type. Intermediate 


amounts probably should be considered as more dangerous 
than safe, 
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A sorting of these data by groups of forests, rather than 
by years, also shows uniformly that the safe storms have 
more of their lightning confined to the clouds than do the 
dangerous storms. Whereas the first report on this 
investigation, which covered only the data for 1924 and 
1925, indicated that there might be a slightly significant 
difference between groups of forests in the percentage of 
lightning confined to the clouds, the present and more 
comprehensive data show rather uniform percentages. 
As is evident from Table 11, no group average varies 
more than 9 per cent from the average of any other group 
and none departs more than 6 per cent from the regional 
averages. Apparently, the criteria of degree of danger 
according to the amount of lightning confined to the 
clouds, as established on the basis of the regional data, 
are applicable in each of the subdivisions. 


TaBLe 11—Percentage of lightning flashes confined to the clouds 
in safe and dangerous siorms 


Nonfire-starting 
storms Fire-starting storms 
eonfined number confined number 
ion © | of reports on of reports 
Average Average 
per cent per cent 
EF; 76 7 55 133 
Average and total..........-.---..----- 76 5, 487 56 2, 731 


OTHER CHARACTERISTICS 


In addition to the rainfall, or lack of it, and in addition 
to the character of the lightning, there are other features 
of lightning storms which affect successful forest-fire 
control. ese include the time of day when the storms 
are first seen, the prevalence of storms after dark, the 
passage directly over the lookout stations, and the com- 
of storm movement. 

When lightning storms are recognized as such during 
the forenoon hours, it is generally possible for a ranger or 
his assistant to get in touch by telephone with his various 
employees, including trail crews, before the resultant 
fires have begun to be discovered by the lookouts. This 
is, therefore, one possibility of obtaining greater speed in 
fire control. 

Table 12 shows the percentage of reports by years and 
by groups of forests, stating that the storms were first 
seen during the forenoon hours. 


TABLE 12.—Storms first seen in the morning, by forest groups 


Group | Group | Group | Group | Group | Regional 


Year I II Il IV V | average 

Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
24 13 1 19 35 23 
17 13 25 27 25 24 
25 31 31 32 44 34 
16 17 23 27 22 
1928 ae 22 20 23 28 30 25 
Average. .....-.-- 20 20 24 26 31 25 


The outstanding indication from this compilation, based 
on over 14,000 observations, is that about one storm out 
of four is first seen before noon, and thereby permits fire- 
control action early in the day if the lookout immediately 


reports storms to ranger. 
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The consistently high percentages shown by Table 12 
for all groups of forests cakes 1926 may be of meteoro- 
logical significance, and it is hoped that the study of such 
phases will appeal to some meteorologists. It should be 
mentioned here that all of the reports, for the entire day, 
have been specially sorted and tabulated on an hour y 
basis at the request of the Spokane office of the United 
States Weather Bureau, so that the development of 
storms throughout this region may be studied intensively 
in relation to the twice daily synoptic weather maps. 
From this study it is hoped to derive considerable infor- 
mation of value for increasing the accuracy of future 
forecasts and for localizing them. 

The prevalence of storms at midnight has been deter- 
mined merely as an approximation of the number of 
storms occurring during the middle of the night. The 
data show the following percentages of the total number 
of observations, which stated that the lightning storms 
were occurring at that hour: 1924, 5 per cent; 1925, 3.5 
per cent; 1926, 7 per cent; 1927, 4 per cent; and 1928, 4.5 

r cent; average for the 5-year period, 4 per cent. The 
importance of storms occurring during the hours of dark- 
ness lies in the inability of the lookouts to detect the re- 
sultant fires, unless the flames are so located as to be 
directly visible. In the meantime, and before men can 
reach the spot and commence suppression, the fire may 
have several hours in which to spread. Furthermore, 
since it is very difficult at night for the lookouts to make 
azimuth readings of lightning bolts striking, the effects of 
storms at night can not be accounted for so accurately. 
With some 4 per cent of the storms occurring at mid- 
night, it is obvious that an appreciable number ofstorms 
are in action during the night when close observation is 
extremely difficult or impossible. Compilations of future 
data will be made to develop more specific information on 
this phase of the problem. 

The passage of fiehtning storms directly over a lookout 
station is important in several ways. Frequently the 
resultant fires will be close to the station and can be 
attacked immediately. On the other hand it often 
happens that a storm cloud whose path includes the 
mountain top lookout station will envelop the station and 
reduce visibility from that point to such a degree that the 
direction of lightning flashes can not be discerned and 
resultant fires only a half mile away are invisible until 
the cloud has moved by. 

‘The reports by the lookouts show the following percent- 
ages of cases in which the storms passed directly over one 
or more of the lookout stations: 1924, 48 per cent; 1925, 
47 per cent; 1926, 47 per cent; 1927, 42 per cent; 1928, 
39 per cent. This means that in about 4 or 5 of 10 obser- 
vations a storm will pass directly over some lookout sta- 
tion and consequently that many reports on storms will 
be, and frequently must be, made by stations at some 
distance from the storm. Hence, no method of observa- 
tion should be used which depends upon the storm passing 
directly over the observation station. 

Probably the best method of determining whether or 
not storms are apt to start fires near lookout stations, 
and the likelihood of such clouds reducing visibility from 
that point, will be to examine the data separately for each 
lookout. It is believed, however, that there is not yet a 
sufficient volume of reports for individual stations to 
warrant such a detailed sorting and tabulation. Such an 
analysis is planned for some future date. 

One feature of storm occurrence upon which we have no 
dependable data is the altitudinal range of the clouds, 
which might influence or even control zones of lightning 
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donee as Ward (14) has described: them on the authority 
of F. G. Plummer (12). These zones are specifically 


_ defined as being areas of lightning danger, but it is im- 


plied that high mountain oR may be above the clouds 
and so in a zone of safety. ‘To investigate the occurrence 
of lightning-fire zones the locations of several thousand 
lightning fires in the northern Rocky Mountain region 
have been plotted on maps by H. R. Flint, in charge of 
fire control of the Forest Service in this region. Although 
these maps show conditions for more than 10 years, there 
is not any consistent evidence that lightning fires occur in 
zones limited altitudinally in any way, except by the 
absence of inflammable material, and a the wetness of 
these fuels. There is, instead, a most baffling scattering 
of these fires which renders the problem of successful con- 
trol all the more difficult. It is recognized that these 
maps show merely the occurrence of lightning-caused fires 
and, therefore, not all points struck by lightning, but this 
appears to be the best information available. 

Flint is also making a study of the occurrence of 
lightning fires in relation to mineral-bearing areas in an 
effort to determine whether or not geological formations 
have any appreciable effect upon lghtning strokes and 
fires. The Vorest Service fire recor race the geologic 
or for the Coeur d’Alene region are being used for this 
work. 

Another characteristic of lightning storms that may 
have meteorological significance which will be of value in 
prediction is the common direction of storm movement in 
different parts of the northern Rocky Mountain region. 
There are 14,595 reports which serve for determining this 
characteristic of storms for this region. Tables 13 and 14 
pry the results of the analysis by years and by groups 
oi forests. 


TABLE 13.—Direction of movement of storms, by years, toward the 
directions given 


Movement of storm 1924 reports 1925 reports 1926 reports 

Per Per Per 

Number| cent |Number| cent |Number| cent 
80 6 215 9 199 9 
36 3 64 3 91 4 
31 3 52 2 73 4 
40 3 87 3 89 4 
Stationary or revolving --....-.--..- 18 1 7 0 34 2 
1, 264 100 | 2,481 100 | 2,164 100 

Movement of storm 1927 reports 1928 reports Total reports 

Per Per Per 

Number| cent |Number| cent |Number| cent 
Sh 461 il 451 10} 1,708 12 
1, 207 28) 1,233 4, 458 31 
1, 383 32} 1,403 32] 4,570 31 
wn 248 6 259 6 5 
wen 140 3 134 3 465 3 
Stationary or revolving -.-...----._- 47 1 39 1 145 1 
4, 274 100 | 4,412 100 | 14,595 100 


Table 13 clearly shows the marked tendency of light- 
ning storms to travel toward the northeast and east in 
this region. Only 12 “gg cent of the reports show a move- 
ment toward the north, and the same proportion toward 


the southeast, all other directions being credited with 
only 5 per cent or less. The changes from year to year 
during the period studied do not appear to be significant. 

Table 14 indicates that there are no marked differ- 
ences in direction of storm movement between the various 
groups of forests. While Group I, in the northeastern 
part of the region and largely east of the Continental Di- 
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vide, shows the highest percentage of movement toward 
the east, Group V, in the southwestern part of the region 
shows the greatest movement toward the north an 
northeast. The significance, if any, of these differences 
is a problem for the meteorologists. Perhaps these data 
serve as an index of the probability of summer rain, 
from each cardinal direction, but the practical applica- 
tion of such information in fire control is doubtful. 


Taste 14.—Direction of movement of storms, by forest groups 
(movement toward the directions given 


Group II re- | Group ITI re- 
Movement of storm Group I reports ports ports 
Number| Per cent|Number| Per cent|Number| Per cent 
57 7 115 9 975 16 
oq 17 2 26 2 231 4 
GIGOLO 14 2 37 3 148 2 
24 3 33 2 217 4 
Stationary or revolving... ---.-.---- 2 0 2 0 57 1 
Sil 100 | 1,299 100 | 6,145 100 
Group IV re- Group V re- : 
Movement of storm ports ports Region reports 
Number| Per cent| Number| Per cent| Number| Per cent 
Rad 424 12 389 13 | 1,708 12 
1,006 29 804 28} 4,570 31 
388 li 196 711,71 12 
137 4 54 2 465 3 
121 4 79 3 474 3 
Stationary or revolving --.-.......-- 57 2 27 1 145 1 
Tee 3, 436 100 | 2,904 100 | 14, 595 100 


One other feature of the movement of lightning storms 
has a possible bearing on fire control. This concerns the 
peaks tendency of storms to follow more or less regular 
paths, perhaps according to the topography or the asl 
presence or absence of thunderstorm-breeding conditions, 
as Brooks (3) and Hallenbeck (7) have described them. 

Naturally, the determination of localities most fre- 
quently exposed to lightning storms is of great importance 
in deciding upon the forest protection facilities that should 
be provided for different areas. Field observers in this 
region are strongly of the opinion that certain topographic 
features and are common centers of 
of storms and that there are certain paths of movement 
which are followed much more frequently than other 
paths. The present records covering all subdivisions of 
the region have not been exhaustively examined, but 
detailed analyses have been made of several restricted 
areas, comprising up to about a million acres, and for 
some of the most dangerous days thunderstorm el 
for the entire region have been plotted on maps. These 
minor studies have failed to find any marked topographic 
paths along which thunderstorms may commonly be ex- 
pected to travel. It is planned to investigate these con- 
ditions more intensively a few years hence, after the vol- 
ume of records from each station has increased materially. 


LIGHTNING-CAUSED FIRES 


The number of lightning fires per unit of area is a 
basic consideration for forest-protective agencies. This 
figure is not the same for different parts of the United 
States, nor even for different parts of the northern 
Rocky Mountain region, being governed largely, as has 
been seen, by the number and: ch 


aracteristics of storms. 
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When storms are accompanied by more rain than the 
average and when they have more than the usual amount 
of ro confined to the clouds, a smaller proportion 
of them cause fires. When they are accompanied by less 
rain than the average, however, and have most of the 
lightning striking the earth a larger proportion is dan- 
perme, Though the seasonal wetness or exe of the 
orest fuels undoubtedly influences the probability that a 
storm of certain character may start fires, the two condi- 
tions, occurrence of storms (as indicated by number of 
thunderstorm days) and the characteristics of storms (as 
shown by percentage of storms starting fires) are essen- 
tially indicative of the lightning fire hazard per unit of 
area in a given timber type in this region. 

The relationship between storm occurrence, character- 
istics, and the number of resultant fires can be expressed 
as a simple formula which, when applied to the data for 
each of the five regional subdivisions, serves to compute 
the average number of lightning fires per unit of area 
with a maximum error of caked one-half fires per 100,- 


000 acres. The formula used was 20° =c. The data are 
shown in Table 15. 


Tas.e 15.—Thunderstorm occurrence, danger and fires 


Actual | Comput- 
(Average | Reports | iiehtning | ed light: 
| fires per | ning fires 
dann por | stating | 100,000  }per 100,000 
ores ays per} s NE | acres 4 
per | acres per 
year fire year year 
(a) (b) (e) 
Number | Per cent | Number | Number 


The data in Table 15 show again that occurrence of 
storms is not, by itself, a satisfactory index of the degree 
of danger of lightning fires. Before the degree of light- 
ning-fire danger can be estimated satisfactorily fire weather 
forecasts must consider other factors—the characteristics 
of the storms and probealy the seasonal and current 
moisture content and inflammability of the forest mate- 
rials. As has been shown, these conditions can be 
observed and, measured with sufficient accuracy to im- 

rove very greatly the knowledge of probable danger. 

The combination of conditions resulting in the highest 
degree of local danger consists of numerous storms of the 
fire-starting type covering a small and often inaccessible 
area on which the fuels are extremely dry. 

Table 15 also shows the relative danger of lightning 
storms for the region and for each of its subdivisions. For 
the region as a whole about 34 storms out of 100 are 
dangerous, while for the subdivisions this figure varies 
from 6 to 47. The actual average number of fires per 
unit of area show that the importance of the lightning 
problem varies more nearly with the percentages of 
storms starting fires (i. e., storm characteristics) than 
with mere storm occurrence. 

There is one other feature of lightning fires which is of 
great importance in successful fire control. This is the 
period of time which commonly elapses between the first 
sighting of a storm by a lookout and the discovery from 
the same station of each of the resultant fires. It is 
obvious that if a storm is sighted some hours before the 
fires it started are discovered, such a period offers greater 
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opportunity for the lookout to inform his ranger of the 
path of the storm, the probability of fires, and even the 
probable location of fires, according to his observations of 
where lightning is striking. Likewise, a long period offers 
the ranger more time to request an air patrol of his district, 
and more time to communicate with his fire guards, 
smoke chasers, patrolmen, and road, trail, and telephone 
construction or maintenance crews, so that they may move 
to more strategic locations if the ranger desires. All this 
will assist greatly in catching fires while small—the first 
essential in effective fire control. Prompt and well- 
advised action is therefore required, especially when not 
enough men are regularly em loyed to attack an excep- 
tional number of fires efficiently. Speed and dependable 
information are even more important in the region under 
study than elsewhere, because here are several national 
forests with an average of only 16 to 18 miles of road and 
trail per township of 23,040 acres, and measured travel off 
the trail is at the poring 5 low average rate of only 1 
mile per hour. Under such conditions it is extremely 
desirable to grasp all opportunities for moving men as 
early as possible to locations from which a minimum of 
travel will be required to reach the fires. 

As an index of the time available for reporting on the 
important features of lightning storms before the fires are 
detected, 4,149 reports state definitely the time when the 
storm was first seen and the hour and minute when the 
fires were discovered. Of these 2,338 reports show the 
time between first sighting the storm and the discovery of 
the first fire, 959 reports state the time before discovering 
the second fire, 538 reports cover a third fire, and 314 
give data for a fourth. The results have been arranged 
to represent conditions for an average lookout station 
and show the probability of a first discovery of a fire 
within definite periods of time after sighting the storm, 
or if two fires are discovered the probable elapsed time 
for the second discovery and similarly for third and 
fourth fires. The records show that occasionally a single 
lookout has reported 10 or 12 fires caused by one lightning 
= but the majority of the reports show far less than 
this. 

When the cumulative percentage of discoveries were 
plotted by hourly periods (hours following the first sight- 
ing of the storm) and the data were curved, the values 
given in Table 16 were obtained. 


TaBLEe 16.—Percentages of storm r showing various intervals 
between sighting of storm and discovery of subsequent fires 
Second | Third | Fourth 
Hours after first sighting storm First fire| “"fre fire fire 
Per cent | Per cent | Per cent | Per cent 
149 2...... 16 12 12 18 
Do ll 10 8 
8 9 6 
5 6 5 4 
5 to 4 4 5 4 
6 to 12_....... na 12 14 15 16 
5 6 6 7 
5 6 8 9 
100 100 100 100 


Table 16 shows that the period of time between first 
sighting the storm and the discovery of fire lengthens 
very appreciably with each subsequent fire. For ex- 
ample, about half the first fires are discovered within 
three hours after the lookout first sees the storm. In 
other words, to be amply Legge to reach and hold as 
many as half of the first , only three hours is avail- 
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able for action after the storms are 
sighted. Four hours can be allowed for equal prepara- 
tion for second fires, five hours for third fires, and over 
six hours are available for the majority of the fourth fires. 
The importance of these determinations lies in the fact 
that regardless of whether or not have 
been previously predicted by the Weather Bureau, there 
is, after the storm actually appears, a very appreciable 
period of time available to mobilize men and otherwise 
prepare for the probable fires. Obviously, in regions like 
northern Idaho, where 4 or 5 storms out of 10 usually 
start fires, such an opportunity for preparation is de- 
cidedly desirable. 

Another important fact indicated in Table 16 is the 
considerable number of discoveries of fire made only 
after a lapse of 48 hours. For the region as a whole, for 
the 5-year period, 333 reports show this so-called “hang- 
over” scindition. These reports comprise 8 per cent of 
the reports studied, and it is worth mentioning here that 
in 160 instances in these reports these hang-overs were 
first discoveries. Consequently, it is obvious that even 
though a lightning storm passes by and no fires are dis- 
covered within the following two days, there is still an 
appreciable chance that fires, were started and will 
show up later on. 


TaBLE 17.—Percentage of fires discovered 48 hours or more after 
the storm was first seen 


First Second Third | Fourth 
Year fire - fire fire fire 

Per cent | Per cent | Per cent | Per cent 


Table 17 shows that since 1925 there has been a consist- 
ent reduction in the percentage of discoveries made more 
than 48 hours after the storm appeared. Whether this 
has been brought about by the establishment of more 
lookout stations directly surveying more area, the removal 
of old stations to new and better locations, or by better 
trained and more conscientious personnel can not be 
determined from these reports. A marked and very desir- 
able improvement in fire control is evident, nevertheless. 

When the speed of detection is compared for the five 
subdivisions of this region the most outstanding fact is 
that the Beis vérhoed-Fisldiih group of forests, which has 
very few lookout stations at high elevations, shows a con- 
sistently longer period of time between sighting the storm 
and making the first discovery of a fire. For example, 
four hours after the storm appears only 50 per cent of the 
first discoveries have been made on the Beaverhead- 
Helena group, while 60 per cent have been made on the 
north Idaho forests comprising Group IV. ‘Twelve hours 
after the storm is first seen the eastern Montana forests 
have made only 66 per cent of their first discoveries, while 
Group IV has made 77 per cent and Group V 79 per cent. 
At the 24-hour mark the Beaverhead-Helena have only 74 
per cent to their credit, while Groups IV and V have 89 
per cent and 90 per cent, respectively. [ 

In this region there are two other observations which 
have also been found of immediate value and usefulness. 
The first is the measurement of azimuths or compass 
bearings on points struck by bghtning and the THOOREING 
of these measurements so that these spots can be watch¢ 
very carefully for at least 48 hours to come. (A special 
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form is provided for noting such observations.) As a 
result of such action many fires may be discovered as soon 
as the first wisp of smoke rises from the spot and hours 
before the usual smoke column begins to be clearly visible. 
The second observation is whether the spots struck by 
lightning are well soaked, lightly sprinkled, or entirely 
unmoistened by the storm. Experience has shown that 
even with storms bringing heavy rainfall lightning may 
strike one or more places near the edge or even outside the 
area wetted. Naturally, if the fuel types are similar, a 
bolt falling outside the rain area will have a better chance 
of starting a fire than one at a spot which is thoroughly 
soaked by rainfall. But of even more importance is the 
fact that if fires result in both cases the one outside the 
rain area is much more in need of immediate attention 
than the one that is surrounded by wetter fuels, and the 
former should be attacked first if there must be a choice. 
Usually the lookout is the only member of the forest pro- 
tective organization who is in a position to make this 
important fact known to the ranger, central dispatcher, 
or whomsoever may be responsible for sending men to 
these fires. 
SUMMARY 


Because lightning is the most important single cause 
of forest fires in the northern Rocky Mountain region a 
special study has been made by the Forest Service of the 
occurrence and characteristics of lightning storms in that 
region. This study utilized the data obtained from fire 


lookouts stationed on approximately 200 mountain tops, © 


so distributed that very few storms could occur during 
the summer months without being reported by the look- 
outs. A special form was used for obtaming the desired 
information, which is now summarized for the 5-year 
period 1924 to 1928, inclusive. 

The results show that about 34 storms out of 100 have 
caused forest fires and that there are from two to four 
times more thunderstorm days per year in this region than 
had been previously estimated. It is found, however, that 
the danger of forest fires caused by lightning is not in pro- 
portion to the number of thunderstorm days but varies 
more with the characteristics of the storms. The greatest 
number of fires and the greatest proportion of reports of 
fire-starting storms were found on 20 days, which consti- 
tute only 4 per cent of the total number of thunderstorm 
days. Records are included so that these so-called easy 
and bad days may be studied in relation to the daily 
weather maps. 

An analysis of the 14,754 lookout storm reports avail- 
able shows that there are recognizable differences between 
the types of storm that ea ag fires and the types 
that are generally safe. These differences are found to 
lie in the duration of the rainfall ahead of and following 
the lightning, together with the electrical activity of the 
storm and the percentage of lightning flashes confined to 
the clouds or striking to the earth. Average duration of 
rainfall, and average percentage of lightning flashes 
striking to the ground, have been determined separately 
for the safe and for the dangerous storms. It is pointed 
out that by observing these characteristics it is often 
possible for the lookouts to classify a storm as either 
generally safe or generally dangerous hours before any 
of the resultant fires produce enough smoke to permit 
discovery. Such advance information permits the forest 
protective agency to move men into or near the danger 
area so that the fires can be reached more quickly and 
be extinguished more cheaply while yet small. 

It is found that the so-called dry storm (having no 
rainfall reaching the ground) occurs in only 6 to 10 cases 
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out of 100. Of all these dry storms only one-third 
started fires, whereas one-third of the wet storms were 
also dangerous. The reasons for this anomaly are be- 
lieved to be in the lesser number of lightning flashes in 
dry storms together with a lesser proportion of these 
flashes reaching the ground. Naturally, no fires can 
be started by a dry storm if all of the ightning is con 
fined to the clouds. 

* * * * * 

From these facts, developed by the analysis of the 
reports on lightning storms, it is obvious that there are 
four observations which forest-fire lookouts can make 
which are of immediate value to the forest ranger directly 
in charge of fire control: (1) The occurrence of storms; 
(2) their paths: (3) the accompanying precipitation, if 
any; and (4) the percentages of lightning confined to 
the clouds and striking the ground. Always, the flash 
of lightning or the rumble of thunder will be the best 
assurance of thunderstorm occurrence, but usually the 
formation of cumulus clouds of the thunderstorm type 
and size is sufficiently definite, ne ery if storms have 
been predicted by the Weather Bureau. As the storm 
develops and the lookout is able to estimate its probable 
path he may be able to determine whether the particular 
ranger district which includes the lookout station is apt 
to be affected. If it is, then some prominent topographic 
feature will serve to time the duration of rainfall and to 
estimate the character of the lightning as the storm 
passes over that point. Such information, obtained by 
a careful observer, is now recognized as an ‘excellent 
basis for fire control action in the northern Rocky Moun- 
tain region. 

Some other characteristics of storms determined by 
this study include the finding that 25 per cent of the 
storms are first seen before noon; about 4 per cent of the 
storms are active during the middle of the night; only 
4 or 5 observations out of 10 report the storm as passing 
directly over the observation station, thereby indicating 
the local character of lightning storms in this region; 62 

er cent of all thunderstorms in the northern Rocky 
Mountain region move toward the northeast and east, 
while 86 per cent are found to travel in a direction be- 
tween north and southeast; no common topographic 
paths of travel have as yet been discernible. 

This study is to be continued, using an improved re- 
port form to obtain additional detail of information as 
well as to record if possible any increase or decrease in 
the occurrence of lightning storms over a longer period. 
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THE CALENDAR YEAR AS A TIME UNIT IN DROUGHT STATISTICS! 


By J. Henry 
[Weather Bureau, Washington, March 17, 1931] 


As almost everyone knows, the year is generally con- 
sidered as being too long a unit for use in compiling 
drought statistics. While admitting the general sound- 
ness of that view, it is believed that the disadvantages of 
the calendar year have been somewhat exaggerated. 
The case of Arkansas in 1930, when the percentage of the 
normal precipitation received was 96 per cent, will natu- 
rally come to mind. In this case two of the months, 
January and May, had 223 and 200 per cent of the 
normal, respectively, and the real lack of rain that 
caused the failure of the cotton crop was confined to the 
months of June and July, with 22 and 19 per cent, 
respectively. Most persons fail to consider that the 
very great rainfall of January and May was in itself 
quite abnormal and not likely to again happen in the 
next 50 years. 

The reason why a shorter period than the year has not 
heretofore been used in compiling drought statistics is 
most likely because of the overlapping of drought periods 
from one month to the next and the fact that its ending 
rarely occurs at the end of a month; thus it would be 
necessary to make a special compilation in order to fix 
the definite limits of the duration of droughts. This has 
not been done, and to do it, now for previous droughts is 
prohibitive on account of the labor involved. 

The object of the present compilation was therefore to 
ascertain to what extent the calendar-year record of pre- 
cipitation would serve to accurately fix the times and 
places of drought in the United States. In the begin- 
ning of the study the individual records of stations 
within a State using both the monthly and annual amounts 
were used. As the work progressed the difficulties of 
distinguishing the beginning and the ending of drought 
even from the monthly totals of precipitation led to its 
abandonment and the substitution of a shorter method 
based on the averages of precipitation for each year 


1 The substance of this article was nted before the May, 1931, meeting of the 
American Meteorological Society in Washington, D. C. » 


for each of the 42 districts organized into what were 
formerly known as State weather services, now known as 
climatological sections, of which as a rule there is one in 
operation for each State or combination of States, except 
that the six New England States are organized under the 
name “ New England,” and Delaware and the District of 
Columbia are combined with Maryland. The list of 
sections with the term of years covered by each section 
is given in Tables 1 and 2. 

In some of the sections the record goes back to the 
early eighties and in others it does not begin until about 
1900, so that the early part of the period is not as fully 
covered as that part subsequent to 1900. The size of 


_ the respective sections varies greatly—say, from about 


15,000 square miles in the smallest to 265,896 in the 
largest. The network of climatological stations is some- 
what closer east of the Mississippi than to the westward, 
especially in Rocky Mountain and Plateau States. 

The plan followed was to take out for each State the 
least annual precipitation that had been recorded during 
the bitty odd years during the life of the record, then the 
next lowest annual amount, and so on, on an ascending 
scale until the tenth year on that scale had been reached. 
Thus it has been practicable to construct for each State 
a diagram beginning at the low point and increasing to, 
say, about 90 per cent of the annual average precipita- 
tion. In like manner the year of greatest annual precipi- 
tation has been taken out and the nine subsequent years 
when the next greatest annual amount was received, and 
so on until the tenth year, on a decreasing scale, had been 
reached. 

Tables 1 and 2 include the tabulation above described, 
the annual amounts of precipitation being expressed as a 
percentage of the mean annual or, in other words, the 
normal for the State. 

In Table 1 the scale is an increasing one and in Table 2 
a decreasing one. 
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TaBLE 1.—Years of deficient precipitation in the United States—Percentage of actual precipitation expressed in percentages of the normal — 
2 4 5 6 7 8 9 
Btetes Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- 
(inches) Year Year cant Year Year Year cont Year cont Year cant Year cont Year Year 
52, 4 | 1884-1930 | 1904 | 75 | 83/1914] 86/1921 | 987 | 1896| 87] 1910} 87 | 1930] 88] 1924/ 91/1897] 91 | 1804 91 
13.8 | 1897-1930 | 1900 | 60] 1889 | 61 | 1924| 1910| 66| 1928| 72} 1904] 1903| 72] 1902| 76] 1901| 77 | 1929 82 
47.7 | 1891-1930 | 1901 | 75 | 1924] 78 | 1896} 80/1917} 85 | 1899} 8811925} 89/1916| 89| 1914] 90| 1904] 91 | 1909 92 
25.1 | 1897-1930 | 1898 | 1923} 57/1929} 61/1917] 66}1910} 67|1924| 69] 1930] 1928] 75/|1908| 75 | 1897 77 
16.8 | 1888-1930 | 1888 | 72} 1890} 72] 1893| 78 | 1889] 83/1924} 84] 1903| 84/1902] 1901| 86| 1900| 987 | 1804 87 
- 52.5 | 1892-1930 | 1927 | 78 | 1917| 192) | 1895] 1916| 88] 1911] 90] 1913| 1892] 1904| 92 | 1998 93 
49.6 | 1892-1930 | 1904 | 75 | 1803 | 82/1927] 83] 1921] 83] 1910] 88| 1916] 88/| 1899| 89 | 1896/ 91 | 1914] 92! 1930 93 
17.1 1898-1930 | 1924} 74/1929) 78 | 1928] 81 | 1898; 83} 1904; 87] 1901} 91); 1922} 91) 1905| 92) 1900/ 95) 1914 95 
36. 4 | 1878-1930 | 1901 | 71 | 1930} 77 | 1894| 80/1914) 82] 1895] 1910] 1879| 90| 1917| 1920| 91 | 1925 90 
39,3 | 1887-1930 | 1930 | 76 | 1901 | 1895| 79] 1914] 80 | 1894] 82] 1908] 1925] 89| 1899| 90| 1889 | 92 | 1987 93 
Wold ied eh ee 31.8 | 1873-1930 | 1910 63 | 1894 69 | 1901 78 | 1886 78 | 1889 79 | 1930 84 | 1887 84 | 1895 85 | 1897 85 | 1917 88 
26.8 | 1887-1930 | 1917 | 74|1910| 74 | 18938] 75 | 1894} 1890} 80/1901] 80] 1913} 86/ 1914| 85/1916] 90| i921 90 
45.1 | 1889-1930 | 1930 | 63 | 1894] 77/1904) 79| 1901} 1889] 81] 1805| 86|1918| 91/1925| 91/1903} 91 | 1914 93 
55.3 | 1891-1930 | 1924} 70|1917| 72] 1899) 1904| 80] 1902| 84] 1806] 85 | 1921} 87] 1906| 88 | 1910] 89 | 1903 91 
Maryland and Delaware... 41.5 | 1895-1930 | 1930 | 56 | 1895 | 83/1925} 85/1914] 1904/ 88] 1900} 88 | 1896] 89/1910} 91] 1909} 91 | 1921 92 
30.5 | 1888-1930 | 1930 | 75 | 1925| 84] 1910] 84 1889] 89/1917} 90] 1895] 1894| 93] 1901| 1899| 94 | 1923 95 
25.7 | 1886-1930 | 1910 | 57 | 1889 | 74 | 1923) 78| 1929) 1917] 85 | 1804] 84/1912} 88| 1930] 88 | 1921 | 90 | 1887 93 
Mississippi_- 53.2 | 1888-1930 | 1889 | 72] 1924| 75/1904) 79 | 1896| 1899] 85/1914] 88| 1930} 89/1910) 1894] 1395 91 
40.5 | 1888-1930 | 1901 | 62/1930 | 77 | 1894| 82] 1914| 86/1890} 88] 1910] 92) 1899} 93/1906] 93| 1918/| 1913 94 
15.4 | 1895-1930 | 1904 | 73 | 1919] 73 | 1930} 80/1895; 1928] 86] 1929] 86/|1900| 88 | 1924/ 1926| 91 | 1918 91 
). aR ranks OR a 23.5 | 1876-1930 | 1894 58 | 1893 72 | 1890 74 | 1910 74 | 1895 80 | 1916 81 | 1899 83 | 1922 87 | 1907 87 | 1898 89 
8.2 | 1890-1930 | 1928 | 60] 1924| 69] 1910) 69/1929] 71 | 1926| 80] 1898} 81] 1917} 82] 1903| 1919| 987 | 1902 88 
New England...-........-.-- 41.9 | 1888-1930 | 1930 83 | 1914 84 | 1910 85 | 1924 85 | 1908 85 | 1894 87 | 1905 89 | 1921 89 | 1911 94 | 1892 04 
New 46.2 | 1885-1930 | 1930 | 78/1895 | 81 | 1918} 81 | 1885| 83/1916} 83] 1921] 83] 1914| 1910} 86/1923] 88 | 1917 89 
New Mexico. ..........--.--.- 14.9 | 1892-1930 | 1910 | 64} 1917} 64| 1892} 1902] 1894| 72] 1924] 72] 1922| 74| 1899] 1903| 74| 1803| 84 
39.4 | 1890-1930 | 1930 | 82/1908} 85|1895| 88] 1921] 91] 1923] 91|1909| 92/1911} 93] 1914| 95 
50. 1887-1930 | 1925 | 75 | 1930} 77} 1911] 86 | 1921| 1904| 1926| 87/1902} 90| 1923; 90) 1897| 93/1890; 94 
17.9 1892-1930 | 1917 | 61 | 1910} 69|1929| 80/1907} 82|1930| 83/1913] 83] 1898] 85 | 1920] 87] 1894} 88 | 1893 89 
38.2 | 1883-1930 | 1930 | 71 | 1895 | 75 | 1894) 79 | 1901 | 86{1900| 87] 1889| 87 | 1887} 88/1925} 90] 1899} 91 | 1928 92 
32.5 | 1893-1930 | 1910} 60/1917} 69] 1901| 71 | 1896| 1893] 80] 1894] 1914} 80/1909) 84] 1924] 87 | 1925 88 
30.6 | 1890-1930 | 1910 | 60] 1917| 69/1930] 71 1901] 71 | 1896| 73] 1893| 79|1994| 1914} 80/1909, 84| 1922 87 
42. 4 | 1888-1930 | 1930 | 68 | 1895 | 80| 1922] 83] 1900} 1909| 88] 1925| 89] 1910} 92] 1923) 1908| 93/1904) 95 
48.3 | 1887-1930 | 1925 | 1911 | 82/1930] 84| 1904] 86] 1927| 87| 1914] 91] 1887] 1917| 91/1916 | 1909 92 
20.8 | 1890-1930 | 1894} 75/1910) 75 | 1925] 77 | 1895} 77 1890| 79] 1898] 1917| 81 | 1926| 86 | 1893| 87 | 1930 38 
50.1 | 1884-1980 | 1980 | 80/1925} 82] 1904| 1894] 86] 1895| 87] 1914] 89| 1885| 90/ 1887| 91] 1889] 92) 1908 92 
31.1 | 1891-1930 | 1917 | 1893} 66/1910) 70| 1901} 1909) 76|1916| 1925| 83/1912) 84 | 1897 89 
13.5 | 1892-1930 | 1900 | 63} 1902 69] 1892] 72/1901] 75|1903| 77| 1898} 80] 1924| 80| 1895/ 80/1928 1910 83 
42.4 | 1892-1930 , 1930} 59, 1925| 77, 1921] 83, 1804] 85; 1904] 85 1914/ 88/1895} 91) 1912) 92/1900; 1916 93 
36.1 | 1890-1930 | 1929 | 66 | 1922} 68/1911} 1930| 1924] 78| 1925| 79/1923] 82] 1918} 84/1913 | 84 1904 87 
43.2 | 1891-1930 | 1930 | 59 | 1895| 76| 1904] 78/1804] 81/1892] 89/1900! 1892/ 89] 1910! 1914) 92] 92 
30.6 | 1891-1930 | 1910} 1902} 76/1895) 77 | 1930} 82] 1891| 86/1901] 1923] 87] 1804| 88| 1917 89 | 1925 90 
14.6 | 1899-1930 | 1902 | 68 | 1919] 72] 1900} 77/1910] 83| 1901} 83{|1921| 87] 1914] 87| 1924| 87/1916) 88 | 1903 88 

NEW ENGLAND STATIONS | 
New Bedford, Mass.........- 46.2 | 1814-1930 | 1930 | 61 | 1923 | 68 | 1919 | 71 | 1921 | 71 | 1918 | 71 | 1846} 75 | 1849} 80) 1885 | 81 | 1856 81 | 1910) 82 
43.7 | 1818-1930 | 1822 | 63 | 1846 | 69/1908) 70| 1905| 1837| 77] 1887| 1930| 82/1825 82 | 1819 82 
Lowell, 41.5 | 1826-1930 | 1914 | 67 | 1846 | 67/1910} 69 | 1837] 74] 1908| 1930| 75 1834| 1835| 79/| 1894, 81 | 1891 82 
Amherst, 44.2 | 1836-1930 | 1908 | 1924| 71 1804] 74| 1930| 74/ 1864| 79] 1846| 79] 1880| 81] 1843/ 86 | 1850| 88 | 1912 88 
Providence, R. 44.2 | 1832-1930 | 1914 | 76 | 1846 | 1835| 70| 1930} 70 | 1887 1909 | 77} 1910} 77| 1916| 79 1849 79 


Pennsylvania. 
South Carolina 
th Dakota. 


M 
New Bedfon 


lord, Mass, 1814-1929 


1892 108 
1902 110 
1897 113 
1922 106 
1909 99 
1891 107 
1928 108 
1913 lll 
112 
1888 120 


Pa 


he 
TABLE 2.— Years of greater than normal precipitation in the United States arranged by States and expressed in percentage of normal 
1 2 3 4 5 6 7 8 9 10 = 
States Year Per <i Per Year| Pet Your Per Year Per Yor Per Year| Pe | year Per Year| Per | year| Per <1 
cent cent cent cent cent cent cent cent cent cent me 
: 1929 | 147 | 1900 | 126 | 1919 | 124] 1920 124] 1926} 117 | 1923| 117] 1922| 112/ 1909| 111 | 1888| 110| 1892| 109 
1905 | 193 | 1919 | 142 | 1916 | 124 | 1923 | 124 | 1914 | 124 | 1926 | 121 | 1906 | 116 | 1908| 114 | 1927 114] 1915} 114 
1927 | 138 | 1905 | 133 | 1923 | 125 | 1892, 121 | 1906] 120| 1898 | 120/| 1919 115 | 1920| 115 | 1913 113] 1915| 112 
1923 | 127 | 1909 | 125 | 1927 | 121 | 1891 | 120} 1906 | 118 | 1897] 117/] 1915 | 117 1921 | 117} 1911; 115| 1914] 115 
1909 | 169 | 1906 | 155 | 1916} 140 | 1915 | 136} 1907 | 130 | 1914] 124} 1904| 122| 1911] 118} 1922} 116| 1926] 108 
1912 | 124 | 1924 117 | 1905°| 117 | 1900} 116] 1928 | 116 | 1926] 115 | 1929] 112| 1920} 111 | 1922} 110] 1919} 110 
1929 141 | 1912 | 128 | 1928 | 121 | 1920} 120] 1901 | 116 | 1900} 116] 1922 | 1919] 112 | 1906 | 112} 1924/ 110 
1927 | 134 1909 | 130] 1912] 127 | 1906 | 122] 1916] 122] 1907] 120] 1917} 119 | 1913] 117] 113] 1925! 112 
Mlinois. 1927 | 136 | 1882 | 182 | 1883 | 130 | 1898 | 1881 | 121 | 1884] 1909/| 119 | 1926| 119 1902/| 1915| 116 
1890 | 126 | 1927 | 125 | 1909} 123} 1929] 120| 1898] 117 | 1907] 114] 1913 | 112} 1926] 111 | 1905 | 110] 1923; 
1881 | 139 | 1902} 139| 1900| 127| 1915| 124| 1896| 117 | 1919] 117| 1876| 116/ 1892] 116| 1928! 113] 1884] 112 
1915 | 152 | 1902 | 128 | 1928 | 125 | 1927 121 | 1908 | 121 | 1923} 121 | 1898} 1903} 1909 | 117] 1891/ 116 
1890 | 130 | 1923 | 120 | 1927 | 118 | 1898 1919 | 116 | 1915 | 116] 1909 | 114 | 1910} 1926! 112] 1891] 110 
Louisiana... 1905 | 139 | 1923 | 129] 1919 | 125 | 1922 | 121 | 1926] 119 | 1900} 119] 1912/| 117 | 1913] 117 | 1929| 116] 1920} 114 
Maryland and 1902 | 119 | 1907 | 119 | 1906 116 | 1919 | 115 | 1903 | 114 | 1924| 112] 1901 | 109 | 1928} 109 | 1926| 107 | 1905 106 
Michigan... 1893 | 114 | 1911, 114] 1890! 113] 1916' 112] 1892! 110] 1905! 109] 1928’ 109 1926' 108 | 1903! 107] 1902! 107 is 
1905 | 130 | 1903 | 129 | 1906 | 123 | 1896| 122|1899| 118] 1900/ 116 1904 | 116 | 1908} 116 | 1902} 116] 1909} 115 
1923 | 134] 1919 | 131 | 1900 | 125 | 1912} 125 | 1905 | 123] 1920] 1929/| 113 | 1911 113/| 1922| 112] 1909| 110 
Missouri. 1927 | 134 | 1898 | 133] 1915 | 122] 1929] 116] 1928| 113 | 1905} 113 1909 | 112/| 1902{| 112| 1896/ 111] 1921 | 108 
1927 | 134] 1908 | 182] 1909} 128] 1915 | 123 | 1916 | 123] 1911} 121 | 1906| 121 | 1923| 119 1806| 115] 1912; 113 
Nebraska. 1915 | 152 | 1905 | 135 | 1881 | 132 | 1883 | 132 | 1891 | 131 | 1902] 124] 1923 | 120| 1903{ 117| 1906| 115|1908| 115 
1906 | 1891 | 174] 1901 | 161 | 1907| 160 | 1890] 159] 1909} 1913| 136 | 1894| 135 | 1806] 131 | 1904| 131 
New 1888 | 134! 1808 | 122 | 1890} 121 | 1889) 118! 1920 | 116} 1901 | 115 | 112/ 1897| 112} 1900/ 110! 1927| 110 
NOW 138 | 1902 128 | 1903 | 121 | 1898 | 113 | 1888 | 113 | 1919] 113 | 1920) 112 | 1907 | 112| 1901 | 112 | 1897 | 112 
New 1919 | 141 | 1905 | 141 | 1923 | 131 | 1914] 131 | 1911 | 121 | 1915 | 119 | 1926/ 117 | 1897/| 111 | 1921; 111 | 1929) 11: 
Now 126 | 1927 115 | 1892 | 111 1898 | 111 | 1903} 110] 1901 | 110} 1902; 109 | 1929/ 109/| 1893 | 108 | 1925| 106 
North 136, | 1988 124 | 1906 | 119 | 1908 115 | 1922 | 114] 1920] 113 1928 | 112 | 1888; 110/ 1891 | 109| 1924/ 109 
North 1896 | 132 | 1927 | 121 | 1916 | 116 | 1912| 113 | 1905| 112] 1908] 112| 1906| 111 | 1921| 111 | 1901 | 109| 1915); 109 
Ohio. 1g90 | 132 | 1929 | 120 | 1883 | 119 | 1913] 118 | 1898] 115 | 1926| 115 1921| 113 | 1927/ 113| 1907; 113|1909| 113 
1908 | 156 | 1915 | 140 | 1923! 138 | 1902} 125 | 1905 | 123 | 1927} 122/ 1926 | 120 | 1905| 112| 1928| 1920) 112 
Oregon 1896 | 183 | 1894 | 166 | 1893} 160 | 1899 157 | 1902 | 151 | 1904| 149 | 1801 | 147 | 1897| 143 | 1895] 143| 1907| 137 
1889 | 124 | 1890 | 121 | 1902} 112 1927 112| 1919 | 111 | 1903 | 110 | 1888 | 109/ 1891 108 | 1898 | 108 | 1901 | 108 
1929 | 188 | 1928 | 128 | 1922] 121 | 1924] 119 1901 | 115 | 1906| 114/ 1888| 114 | 1912; 114] 18903 | 111 | 1908| 111 
| 142 | 1906 | 140| 1920} 137 | 1905 | 133 | 1908) 195 | 1802 | 121 | 1806 | 119| 1909} 118 | 1927) 115 | 1900) 114 
1929 | 119 | 1800 | 115 | 1923 | 115 | 1919 | 115 | 1920 | 113 | 1884] 111 | 1912| 109 | 1922) 109 | 1926 | 109 | 
1919 | 147 | 1900} 137 | 1905 135 | 1923 | 129] 1914 | 1926] 118 | 1913/| 1920| 110} 1907| 110) 
ang hp dick 1909. | 149 | 1906 | 140 | 1920} 127 | 127 | 1921 | 126 | 1907] 123 | 1916/| 123 | 1908 | 113 | 113 | 
1902 | 121 | 1901 | 118 | 1906 | 117 | 1924| 113] 1893 | 110 | 1920] 109 | 1929} 109 | 1908 | 106 | 1903 | 106 
We 1896'| 128 | 1894} 120| 1891} 120 | 117 | 1902| 117 | 1927} 117 | 1893} 115 | 1897] 110] 1900} 104 
ap 1907 | 122 | 1926 | 116 | 1913} 113 | 1927| 113 | 1924/ 110 | 1898} 110) 1919| 110 | 1911 | 110 | 1929] 107 | 
1911 | 121 | 1903 | 1905 117 | 117 | 1926 | 116 | 1892} 115 | 1900] 1916] 111 | 1919] 109 | 
YOMIng 1915 183 | 1923 | 133 |.1912 | 127 | 1927 | 125 | 1906 | 122 1908} 120/ 1909 | 113 1905} 111] 1918| 111 
1820 | 142 | 1830 | 141 | 1827 | 136 | 1850 | 136 | 1898 | 136 | 1890] 134 | 1831 | 133 | 1823 | 130 | 1868 128 | 
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The chief interest in the two tables is historic; the data 
in them will serve as a reference point for future studies 
of excess or deficit in annual precipitation. 
it Obviously the percentage of the normal that is received 
in the dry regions of the Southwest is less than for the 
humid sections east of the Mississippi; somewhat unex- 
pected results are the relatively low percentage of rain 
that is received in dry years in California, Oregon, and 
Washington, the range being from 42 per cent in Cali- 
fornia to 66 per cent in Washington. In Arizona and 
parts of New Mexico low percentages were to be expected. 
Arizona, especially the lowlands of the western portion 
occasionally recerves in very dry years at in ividual 
stations less than 1 per cent of the areeae annual precipi- 
tation. At the higher levels individual stations receive 
nearly as great a percentage of the annual as do points 
situated in the humid regions of the East. The percent- 

e of the annual precipitation received by the Rocky 

ountain States of Colorado, Idaho, and Montana is 
greater than was expected. Florida in the South, 
Indiana and Michigan in the North, and New York and 
New England in the Northeast show the greatest stabil- 
ity, or in other words less percentage variation than in 
other places in the humid region. The New England 
record as given in Table 1 depends on the observations 
for the period 1888-1930; if, however, the individual 
stations having from 50 to 100 years of observations be 
considered smaller percentages will be found to obtain; 
thus for the driest, second, and third driest the percent- 
ages were 66, 69, and 71, (See records of 
five individual long-record stations at bottom of Table 1.) 

The data of Table 1 establishes the fact that the year 
1930 set the record for extreme dryness in the United 
States as a whole; the States of Maryland and Delaware, 
the two Virginias, Kentucky, and Ohio standing in the 
order named with respect to the percentage of the normal 
precipitation that was received. The drought of 1901 
in Missouri, those of 1910 in Iowa, 1917 in North Dakota, 
Texas, and possibly other parts of the country, were more 
intense, precipitation being considered, than in 1930. 

Follo is a comparison of the average percentage of 
the norma a a in all recorded droughts as 


shown at the bottom of Table 1 with that of England and 
Wales in the five driest years in Great Britain.! see is 
er cen 
United States, average of all droughts__....-.._.-.--------- 68 
England and Wales, drought of— 


It is of additional interest to observe that while drought 
in the United States is not always synchronous with 
drought in the British Isles it is more so than would be 
required by chance. The year of greatest drought in 
Britain—1921—was also a warm and droughty year 
in the United States, the second greatest drought in 
Britain—1887—was droughty in some sections but was 
not so severe and general as in 1886, the year previous; 
1854-55 and 1856-57 were all more or less droughty 
years in this country, but the droughts were local in 
character rather than general and this is also the case in 
the early seventies. 

As has been found in earlier studies of the precipitation 
in the United States * the fact that the smaller the average 
rainfall the greater is the variation from year to year is 


1 Jour. Met. Soc. 48: 140. 
2 , Alfred J. Rainfall of the United States, Weather Bureau Bulletin D, 
Washington, 1897. 
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again confirmed; for this and other reasons the actual 
precipitation in Tables 1 and 2 is given as a percentage of 
the normal for the section. There are several more or less 
distinct groups of rainfall distribution in the United States; 
following is a rather coarse grouping: 

1. The Pacific coast and Plateau States, embracing 
Washington, Oregon, California, Nevada, Utah, Arizona, 
and New Mexico. This group is characterized by the 
greatest annual variation in precipitation to be found in 
continental United States. 

2. The Plains States of North and South Dakota, 
Nebraska, Kansas, Oklahoma, Texas, Missouri, Iowa, 
and Minnesota. The three last named while not strictly 
Great Plains States may be included in that group because 
of similar rainfall distribution. They form the largest 
group and are characterized by what may be called the 
continental type of rainfall distribution. 

3. The Guilt States of Louisiana, Mississippi, Alabama, 
and Florida. This group receives a greater precipitation 
than either of the two first mentioned = the annual 
rainfall may be said to be much more dependable; that is, 
it varies less from the normal. 

4. Finally the group of Northeastern States have the 
most dependable precipitation of any part of the United 
States. I include in this group New England, New York, 
New Jersey, Pennsylvania, and Michigan. ; 

In Table 3 will be found a summary showing the per- 
centage of the annual precipitation for the driest year, the 
second and third driest on the average of each group. 
Likewise the average percentage of the greatest, the second, 
and third greatest 1s also shown. 


TABLE 3.—Percentage of the average precipitation in the three years 
of deficient and the three years of peg: prseration in the groups 
é 


of States numbered 1 to 4 on the left of the tab 
Least Greatest 
Groups Range 
1 2 3 1 2 3 

Per cent|Per cent|Per cent|Per cent|Per cent|Per cent|Per cent 

59 65 67 167 149 136 108 
$4 72 77 143 133 129 79 
74 77 82 136 126 123 62 
78 83 84 127 120 116 49 


The sequence of dry years, Figure 1.—The data of Table 
No. 1 have been summarized and reproduced as Figure 1, 
in order to show graphically the sequence and grouping 
of the dry years; column 1 of that figure shows, as pre- 
viously explained the number of sections, if any, in which 
the least annual precipitation of the whole series of years 
was recorded; column 2 the number in which the next to 
the least was recorded; and so on, so that the series of steps 
to the right of column 1 may be considered as a series of 
annual precipitation amounts which approach but do not 
reach the normal. 

The full lines in the figure show those years that may 
be considered as falling within the group of major dry 
years. These are 1889, 1894, 1901, 1910, 1917, 1921, 1924, 
and 1930. There is a slight tendency in the groups to 
spread fan shaped toward the right, an indicating that 
the peak dry year is preceded in most cases by gradually 

iminishing precipitation during one or two years prior 
to that year, thus the peak dry year of 1894 was preceded 
by diminishing precipitation in 1892 and 1893 and was 
followed by somewhat years in 1896-97. This is 
merely another way of saying that severe droughts grad- 
ually approach a peak year and that the return of normal 
conditions is brought about gradually. 
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Fiaure 1.—Chronological list of years Bee — precipitation on a scale of 1 to 10, 
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FiGurEe 2.—Chronological list of than the norma) precipitation. 
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The dry year 1910 is seemingly in a class by itself, as 
is also 1917. The onset of the first named was quite 
sudden as compared with the others shown in the figure. 
The year 1917 was one of maximum spottedness of the 
sun and that fact has been used by some in an effort to 
tie up the occurrence of droughts with the occurrence of 
many sun spots; the difficulty that must be faced by them 
is that the record shows that droughts occur almost 
simultaneously with both increasing and diminishing sun- 
spot numbers. (See Table 4.) 


TaBLe 4.—Droughts in the United States and sun spots 


Smoothed sun-spot Nearest epoch 
Sun-spot curve numbers or 
Year 

Janu- | Decem-} Mini- | Maxi 

Rising | Falling) “spy ber | ¥°? | mum | mum 
F 28. 2 15.6 21.0 | 1856.0 
F 97.2 90. 6 PAD 1860. 1 
R! F 44.8 41.3 45.2 | 1867.2 
F 67.7 52.5 61.86 14.13. 1894, 1 
F? 31.5 12.8 21.0 | 1913.6 
73.4 98.3 06:2 Ts. 3-453 1917.6 

1 Rising followed by falling. 
? The driest year in the United States in forty-odd years. 

The 1924-25 drought had its beginning in 1921 and 


was distinguishable as late as 1926, although in that 
year a number of States had more than the average 
precipitation. It happens, not infrequently, that one 
and the same year may yield abundant rain in one part 
of the country and withhold it in another, as illustrated 
by 1927, the year of the great Mississippi flood. In that 
vear Florida, Georgia, and South Carolina suffered more 
or less from drought. 


YEARS OF GREATEST PRECIPITATION 


The chronological record of years with greater than 
the normal precipitation as summarized from the data 
of Table 2 1s presented in Figure 2. In that figure I 
have indicated the probable grouping of years of greater 
than the normal cea Say by inclosing them in 
continuous lines. These years occur also in groups as 
in the case of years of deficient rainfall. The groups are 
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centered about 1890, 1898, 1902, 1905, 1909, 1912, 1915, 
1919, 1923, and finally in 1927, 1928, and 1929. 

The average interval between these dates is roughly 
four years. 

If the figures of the extreme nght-hand column of 
Tables 3 and 4 be smoothed by the formula ahete\ 
and the smoothed values be plotted against time as 
abscissa the resulting curve indicates a period of approxi- 
mately four years between epochs of maximum and muni- 
mum. I attach no great importance to these curves, 
since the smoothing process distorts or rather displaces 
the epochs of maximum and minimum and reduces the 
amplitude of the oscillations. 

Figure 2 is complementary to Figure 1, since it presents 
the grouping of the opposite extreme in the annual pre- 
cipitation. Viewing the two figures one must be struck 
with the apparent absence of chance in the annual 
distribution of precipitation; rather these two figures 
favor the idea that the years of little and much rainfall 
succeed each other in a wave like sort of motion which 
advance from west to east and perhaps in due course 
encircle the globe. It is also possible to identify in them 
the well-known Briickner years of dry and wet weather 
said to repeat themselves in a period of 35 years. 

Another outstanding feature to which attention is 
invited is that years of drought do not come suddenly 
and unheralded but almost uniformly preceded by one 
or two years of diminished precipitation in various parts 
of the United States; likewise peak dry years are some- 
times followed immediately by one or two years of fairly 
good rains apparently intercalated in a series of dry 
years as in 1902-03 and again in 1915-16. 

Conclusions.-—The facts hereinbefore presented lead to 
the belief that in the great majority of cases the total 
annual precipitation may be used as a criterion on drought; 
it must, however, be used intelligently, bearing in mind 
that the area under consideration with up to 70 per cent 
of its annual normal rainfall may have been very dry in 
spots but as whole the deficit may not have been equally 
pronounced. 

In the Pacific coast and Plateau States any one year 
with but 60 per cent of its annual precipitation may be 
classed as a dry year. In the Great Plains States, ex- 
cepting South Dakota, 65 per cent, while not as low as 
has been reached in past droughts may be accepted as a 
measure of severe drought. In the Gulf States the range 
is from 70 to 75 per cent and in the Northeastern States 
the lower limit is from 75 to 85 per cent. 


SOLAR RADIATION INTENSITIES WITHIN THE ARCTIC CIRCLE 


By Hersert H. 
{Weather Bureau, Washington, D. C., April 15, 1931] 


In summaries of solar radiation measurements prepared 
by the author,' the following stations within, or practically 
on the Arctic Circle have been listed: 

Abisko, Sweden, latitude 68° 21’ N., longitude 18° 
49’ E., altitude 390 meters. 

Jokkmokk, Sweden, latitude 66° 36’ N., longitude 19° 
51’ E., altitude 255 meters. 

Mount Evans, Greenland, latitude 66° 51’ N., longi- 
tude 50° 50’ W., altitude 394 meters. 

Rovaniemi, Finland, latitude 66° 29’ N., longitude 25° 
44’ E., altitude 200 meters. 


| Measurements of solar radiation itensity and determinations of its depletion by the 
atmosphere. MONTHLY WEATHER REVIEW, 55: 155, April, 1927; 58: 43, February, 1930. 


Treurenberg, Spitzbergen, latitude 79° 55’ N., longi- 
tude 16° 52’ E., altitude 9 meters. 
_ At these stations solar radiation intensity at normal 
incidence was measured. Now we may add to the above 
list Green Harbor, Spitzbergen, latitude 78° 00’ N., 
longitude 14° 05’ E., with continuous measurements of 
the total solar radiation (direct+ diffuse) received on 
horizontal surface. 


SOLAR RADIATION MEASUREMENTS AT GREEN HARBOR, 
SPITZBERGEN 


At the second general assembly of the International 
Geodetic and Geophysical Union at Madrid, in 1924, the. 
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Meteorological Section set aside the sum of £400 for the 

urchase of self-recording pyrheliometers or eometers 
or use in northern Canada or Spitzbergen, New Zealand 
or Samoa, Brazil or Belgian Congo, and the South 
Orkneys. 

For Spitzbergen a Gorczyfski recording solarimeter was 
obtalaal and was installed by Dr. H. U. Sverdrup at 
Green Harbor at the beginning of September, 1927. The 
instrument is designed to give a continuous record of the 
total solar radiation received on a horizontal surface 
directly from the sun and diffusely from the sky. In 
transmitting a summary of the measurements Doctor 
Sverdrup makes the following statement: 

These records have been obtained by means of a Gorczytiski 
recording instrument which was delivered by Kipp & Zonen, and 
installed by myself at the Norwegian radio station. The records 
have been reduced at the Geophysical Institute in Bergen, using 
the constant for the instrument which was obtained from the 
makers. This constant, according to comparisons with records 
from Finland, can be regarded as fairly accurate. No absolute 
observations were undertaken at Green Harbor, since there was no 
trained observer at the station. 


As tabulated at Bergen the average intensity of solar 
radiation is given for each hour of each day, central on the 
full hour. The maximum intensity for each day is also 
given. From the latitude of Green Harbor, and neglect- 
ing atmospheric refraction, we would expect the sun to 
appear above the southern horizon on February 17 and 
to disappear below it on October 25. Actually, the first 
sunshine in spring was recorded on February 26 and the 
last in fall on October 18. Also, we would expect solar 
radiation throughout the 24 hours from April 21 to 
August 21. Actually, the first day in spring with solar 
radiation during every hour is April 29, although recorded 
at midnight after the 25th. The sun was continuously 
above the horizon on August 9 when the record ended. 


TaBLE 1.—Total solar radiation (direct+ difuse) measured at Green 
Harbor, Svalbard. Latitude 78° 00’ N., longitude 14° 05’ E. 


{Gram-calories per square centimeter of horizontal surface] 


Average | Maximum | Maximum Maximum 
Week beginning daily daily hourly | per minute 

1927 cal. eal, eal. tal 
2 19 5 0. 12 

1928 

18 27 5 0.12 
75 86 13 0. 24 
101 131 19 0. 38 
133 185 23 0. 41 
AP. 180 216 26 0. 58 
303 355 37 0. 83 
May 428 447 43 0.92 
562 643 49 0.81 
340 416 38 0. 76 
Aug. 278 365 33 0. 66 


16 days only. - 24 days only. 38 days. 44 days only. 
The sum di houely amannts for the reapebtive tiours= 713 or. cals. 
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In Table 1 the data as originally tabulated have been 
summarized by weeks, giving for each week the average 


daily amount of radiation expressed in gram-calories per 
square centimeter of horizontal surface, and also the 
maximum per day, per hour, and per minute. There 
are frequent gaps in the record, especially at about 
8 a.m. The average daily amounts are based on such 
data as has been furnished, with interpolations where 
practicable. 

In June the maximum total is less than that computed 
by me for June 21 with cloudless sky at Latitude 60° 
and 90° north, and the average daily total is greater.’ 
From this I conclude that at eset Bakes in June one 
does not often find 24 hours with skies continuously free 
from clouds and fog, and that, on the other hand, the 
average cloudiness is not as great as has been observed 
at other Arctic stations, or at least that this was the case 
in 1928. 
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Fic. 1.—Diurnal march of solar radiation at Green Harbor, Spitzbergen, for different 
' epochs of the year. (The time scale is on apparent, or true solar time.) 
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Without having seen the ae record sheets, there 
appears to be some question about the accuracy of the 
maximum radiation per minute (1.43 gram-calories) 
recorded on June 10. At noon on this day the solar 
altitude was only slightly in excess of 35°. The intensity 
of direct solar radiation could hardly have exceeded 1.5 
gram-calories per minute per square centimeter, and its 
vertical component would be 1.50 X 0.574 =0.86, leaving 
0.57 gram-calories per minute per square centimeter for 
sky radiation. This amount could have been received 
only under the most favorable conditions for reflection 
of light from clouds between the sun and the zenith. 
A well-authenticated increase in the intensity of solar 
radiation of 20 per cent due to reflection from clouds 
occurred at Mount Weather, Va., on July 28,1912.° The 
se increase at Green Harbor appears to have 

en considerably greater, or from 25 to 30 per cent. 
Possibly reflection from the snow and ice covered ground 
surface to the under side of the cloud and then back to 
the earth would account for the excessively high radiation 
intensity in question. 

In Figure 1 the diurnal march of radiation is repre- 
sented by the hourly intensities for the first day in spring 
and the last day in autumn on which records were ob- 


2? Kimball, Herbert H. Amount of solar radiation that reaches the surface of the earth 
on the land and on the sea, and methods by which it is measured. MONTHLY WEATHER 
REVIEW, vol. 56:393, 1928. 

3 ball, Herbert H., and Miller, Erie. The Influence of Clouds on the Distribution 
of Solar Radiation. Bull. Mt. Weather Obs., 5:166, 1912. 
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tained, by the hourly averages for March 18-24, the week 
of the vernal equinox, for April 22—28, the first week on 
which radiation was recorded at midnight, for June 17-23, 
the week of the summer solstice, and finally a curve 
representing the maximum average hourly intensities 
recorded in each of the 24 hours. The sum of these 
last-named hourly averages multiplied by 60 gives the 
maximum daily radiation with clear skies for the year. 

It is to be noted that the average daily amount for 
the three weeks centering on the summer solstice is 
greater than the average of the daily normals for this 
— for any stations in the United States except Twin 

alls, Idaho, and Fresno, Calif., as given in Table 4, 
Montsty WeatHer Review for February, 1930, 
volume 58, page 45. 

What must be the effect upon plant and animal life 
of this stimulus of continuous solar radiant energy during 
four months of the year? In lower latitudes it has been 
found that generally plants as well as animals require 
the night hours of rest for their best development. 


SOLAR RADIATION MEASUREMENTS MADE AT MOUNT 
EVANS, GREENLAND 


These measurements were made by C. R. Kallquist 
and Prof. J. E. Church, jr., members of the University 
of Michigan Greenland Wivediien, between August 13, 
1927, and April 17, 1928, which covers a part of the 
period during which measurements of solar radiation 
were made at Green Harbor, Spitzbergen. The instru- 
ment employed was of the Moll type of thermoelectric 
pyrhekometer, mounted in a diaphragmed tube, with 
attachments that enabled the observer to keep the instru- 
ment accurately pointed on the sun. The current 
> age nete by the heating effect of solar radiation on the 

ee junction of the pile was determined by an eye 
reading on a Weston millivoltmeter. The bree i- 
ometer was carefully standardized at the United States 
Weather Bureau before the departure of the expedition, 
to determine the e. m. f. iota ed in the ate by solar 
radiation of known intensity. It was hoped to recali- 
brate the instrument after its return from Greenland. 
Unfortunately, however, while the pyrheliometer was 
received back in excellent condition the millivoltmeter 
was ruined by the upsetting of a boat in which it was 
being transported. A satisfactory recalibration of the 
complete apparatus was therefore impossible. 

A brief summary of these measurements was given by 
me in a paper in the Review for February, 1930.4 They 
are here summarized in more detail. 


TaBLe 2.—Pyrheliometric readings made by Prof. J. E. Church, jr., 
during trip to and on inland ice. Direction of travel, east from 
latitude 66° 50’ N., longitude 51° W.., total distance, 30 miles 


[Gram-calories per minute per square centimeter of normal surface] 


Air mass 
Date 
1.0 15 | 20 | 26 30 | 35 | 40 | 45 | 6.0 | 55 
1927 
cal. | cal. | cal. | cat. | cal. | cal. | cal. | cal. | cal. | cal 
Aug. 13, a. 1.43) 1. 1. 
ug. 13, p. m 1. 1, 07) 0.94; 0.88} 0.84) 0.80 
Aug. 14, a. 144 1 
Aug. 14, p. m a 1.24; 1.16) 1.08) 1. 0. 0.91) 0. 0, 81 
Aug. 15, p.m 1,33} 1.23) 1 1.03} 0.95} 0.89} 0. 86) 0. 84] 0. 82 
Aug. 16, a. m....... L 1 0. 0. 91 
Aug. 16, p.m -| Li 1.1 
Aug. 17, 1.32) 1.25) 118} 1.12) 1.07) 104) 1.01] 098] 0.97 
A ey 1. 1. 1.14) 1 1. 1. 
d L 1, 1,01) 0, 0. 0. 0, 85 
* Kimball, Herbert H. Measurements of solar radiation intensity and determinations 
of its depletion by the atmosphere. Monthly Weather Review. 58:43. 
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Table 2 summarizes measurements made by Professor 
Church, between August 13 and 16, inclusive, on the 
journey from the shore to the inland ice, at altitude of 
from 250 to 450 feet above sea level; on August. 17 at the 
edge of the ice where the altitude was about 950 feet | 
and on August 20 on the inland ice, at an altitude of be- 
tween 1,600 and 1,800 feet. The distance covered. was 
about 30 miles, and the direction traveled was approxi- 
mately east, so that there was little change in latitude. 
The change of correction necessary to reduce forty-fifth 
meridian time to apparent time was taken into account 
in computing solar altitudes corresponding to the time at 
which the measurements were made. Solar altitudes 
at noon varied from 37° 45’ on August 13 to 35° 32’ on 
August 20, corresponding to air masses 1.63 and 1.72, 
respectively. The intensities for air mass 1.5 and 1.0 
were therefore obtained by extrapolation. 

Table 3 summarizes measurements made by C. R. 
Kallquist at Mount Evans, Greenland, on the inland ice, 
at an altitude of 1,228 feet (374 meters). Slight extra- 
polations have in a few cases been necessary to obtain 
the intensities tabulated. In general, the readings 
indicate a very pure and dry atmosphere, as is shown by 
jhe arena for the atmospheric transmission given in 

e 4. 


Taste 3.—Pyrheliometric readings made by C. 
Mount Evans, Greenland. 
W., altitude 1,228 feet 


iGram-calories per minute per square centimeter of normal surface] 


t 


R. Kaliquist at 
Latitude 66° 51’ N., longitude 50° 50’ . 


Solar altitude 
30, 5°119. 3°{16. 4°(14. 3°11. 3° 0.34 7. 8° | 6. 8° | 3. 1° | 0.7° | va. 
Date por 
Ait mas 
2.0) 2513.0) 3.5) 40) 5.0) 60] 7.0] 801] 15.0| 21.0) 30.0 
1927 
cal. | cal, | cal. | cal. | cal. | cal. | cal, | cal, | cat. | cal. | cal. | cal. ™m, 
Sept. 6, p. m_--| 1.32] 1. 1. 20). 4.75 
t. 7, p. 1.31) 1. 4. 37 
Sept. 17, p. m. 1. 34] 1.25) 1.19) 1. 15) oH 1.01 0. 
Sept. 18, p. 1, 30} 1. 24] 1.19) 1.14) 1.07] 0. 
Sept. 20, p. 1 L 1. 0. 2.74 
D. 1. 18} 1.14) 1. 08 
Sept. 24, p. m. 1,31) 1. 1 2. 62 
96. 1. 30} 1.22) 1.18) 1. 2.74 
eans....... 1.32) 1,31} 1. 25) 1 1.15 1, 02) 0, 54) 0, 3.44 
Oct. 12, a. m.. 1 1.19 1.03) 2. 16 
Oct. 12, p. m 1 1.16) 1. 
eans.....-- 1. 25} 1.18} 1. 08) 1. 
1928 
Feb. 18, p. m. L 1.14 1.10) 1.09) 0.7 0. 27) 0.38 
Mar. 20, a. m 1. 47| 1.39} 1.34] 1 a 0.51 
Mar. 20, p. m 1 1.1) 1.07 
Means. 1,52) 1,39) 1.34) 1,31) 1, 1, 
Apr. 3, a. m_...| 1.47] 1.38) 1. | 1. 52 
Apr. 3, p. m...-| 1.50} 1.38) 1.29] 1 1.19 
Apr. 4, a. m_..-} 1. L i 0. 58 
Apr. 4, p. 1, 35} 1. 25} 1. 15} 1. 06) 
Apr. 17, a. m..-} 1. 2.74 
ae. 17, p. m...} 1 1, 28} 1. 22) 1. 18} 1.12) 1.03) 0.94) 0. 86) 
1 1, 1,21) 1,12) 1,03) 0,94 1.61 
TaBLe 4.— Atmospheric transmission for solar radiation 
Air mass | Intensity Atmospherie 
Solar Vapor| | transmission | pir, 
Date alti- Pres- | tabi fer- 
tude sure | tor Com-| 
760 puted 
Gr. cal, | Milli-| Centi- 
1928 min, cm.?| meters | meters 
Mar. 20........- 14.3] 4.0] 3.80 1.31] 0.51 | 0.11 | 0.675 | 0.705.| 0,030 
19.3] 3.0] 2.85 1.39 | 0.51] 0.11 | 0.716] 0.752 | 0.036 
APP 30.0} 2.0} 1.90 1.36 | 2.74}. 0.605 | 0.707 | 0.746 | 0.039 
Sept. 6-7........ 30.0} 2.0} 1.90 1.31] 457] 1.00 0.721 | 0.028 
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In this table m is the value of the length of the path of 
the solar oy i in passing through the atmosphere in 
terms of the length when the sun is in the zenith, as com- 
puted by Bemporad. In the following column m is mul- 
tiplied by the ratio of the atmospheric pressure to stand- 
ard pressure, or 760 mm. J is the measured intensity of 
solar radiation, and J,” is the mean value of the solar 
constant, J, divided by the square of the earth’s radius 
vector in terms of its mean value. The computed atmos- 

heric transmission is obtained from the MonrTHLy 
Wag-vhior Review, February, 1930, volume 58, page 52, 
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Figure 1. The atmospheric depletion indicated by this 
computed transmission includes all that Fowle found 
correlated with pure dry air and water vapor. The dif- 
ference between the two transmission values must be 
attributed to depletion by impurities in the atmosphere. 

Comparing these differences with corresponding differ- 
ences for Washington, D. C.; Madison, Wis.; Lincoln, 
Nebr.; and Davos, Switzerland, given on page 51 of the 
Review cited above, it is seen that the atmosphere at 
Mount Evans, Greenland, is relatively free from dust at 
all seasons of the year, as we would expect it to be. 


RAIN-GAGE FUNNELS OF DIFFERENT DEPTHS 


By Joun M. Sc., Ph. D. 
(Meteorological Office, London] 


With reference to the article on “Rainfall catch as 
affected by different depths of funnels in the rain gage,”’! it 
may be of interest to refer to some of the experiments 
which have resulted in the adoption of the deep-funnel 
gage as the standard pattern in the British Isles. 

At the majority of the official stations of the Meteoro- 
logical Office the 8-inch gage is used, in continuation of a 
practice which dates back to about 1870. According to 
the current specification the funnel has vertical walls 5% 
inches deep. By far the greater number of gages in use 
in the British Isles are, however, 5 inches in diameter. 
In the case of the standard ‘‘Snowdon” gage the diameter 
is 5 inches and the depth of the vertical walls is about 
4 inches. In the Meteorological Office version of this 
age the depth of the vertical walls is 41%. inches and the 
unnel proper slopes at 33%° to the horizontal. The 
rain is collected in a bottle holding about 3% inches, 
standing in a copper can, the total capacity of which is 
about 9 inches. The inner can stands in an outer can, 
on to the top of which the funnel fits. The base of the 
outer can is 7 yes so that the gage can be fixed firmly 
in the ground at such a depth that the rim is exactly 1 
foot above the surface. Somewhat similar gages, but of 
larger capacity are used for monthly measurements. 
these gages a dip rod is used, but only for the purpose of 
giving a rough check reading. The actual measurement 
is made by pouring the water into a cylindrical glass 
measure graduated in inches and tenths. For daily 
observations, measuring glasses with taper bases are 
used. These glasses are subdivided to 0.01 inch or 0.1 
mm., the former have an additional graduation at 0.005 
inch for the purpose of making it easy to decide whether 
a small amount is to be counted as a “trace” or as 0.01 
inch. This is important because in the latter case the 
day ranks as a rain day. These particulars are given in 
some detail because it is important, in this connection, to 
remember that the instruments used in the British Isles 
are very different from those used in America. é 

According to Mr. R. H. Scott, a former head of the 
Meteorological Office, the deep-funnel gage was invented 
by Quetelet. A gage with a vertical wall of 6.3 inches is 
described in “Sur le Climat de la Belgique, cinquieme 
partie” by Quetelet, published in 1852. The introduc- 
tion of the deep-funnel gage in the British Isles was due 
mainly to Mr. G. J. Symons, the founder of the British 
Rainfall Organization, now incorporated in the Meteoro- 
logical Office. It was first used about 1864, and sub- 
sequently on Mount Snowdon. It became known as the 


Snowdon pattern, and has gradually replaced gages of the 
British Association and Howard patterns, which have 
shallow funnels. Even at the present time, however, 
some 1,500 of the 5,000 voluntary observers in the British 
Isles use a gage of nonstandard pattern, of which the verti- 
cal walls above the funnel are usually less than half an 
inch in depth. 

It must be admitted at the outset that in the normal 
conditions prevailing in the British Isles, the use of a 
deep-funnel gage makes no great difference to the meas- 
ured annual total. It is not possible by a critical compari- 
son of the monthly or annual records in a given locality to 
detect the returns from shallow-funnel gages. ‘This 
generalization is supported by the records from stations 
which have gages o both patterns. Three typical cases 
are quoted below: ; 


Mean annual values 


Period of 
Station County 4 
tion w | Snowdon 
funnel | funnel Difference 
Inches Inches | Inches | Percent 
1876-1921 28. 28 27.76 | +0. 52 +19 
Swinton House--...---.. Berwick - _| 1914-1921 26. 16 26.03 | .+.13 +.5 
ate Surrey....| 1907-1920 31. 16 31.48 | —.28 —.9 


The differences year by year depart little from these 
mean values. It should be noted, however, that if any 
obvious error occurred—e. g., during snow—the same 
amounts were generally adopted for both gages. Some 
observers have noted that the shallow gage gave a slightly 
larger number of rain days. 

t has been possible, however, to attribute inconsist- 
encies in the daily readings at adjacent stations to the 
use of a shallow-funnel gage at one or more of them. 
During periods of snow and of intense rain or hail, the 
standard gage invariably retains a better sample of the 
etapa Ngee Although there is obviously more risk of 
oss with the shallow-funnel gage by outsplashing from 
the funnel dumng intense rain or hail few comparative 
readings are on record. Even when such readings are 
available some doubt often exists as to whether they are 
strictly comparable owing to such precipitation being 
particularly local. | 

Some of the earliest experiments in the British Isles 
on this subject were made by Colonel Ward, at Calne 
(Wiltshire) during the years 1865 to 1868.* Colonel 
Ward found that during the summer six months a shallow 


' MONTHLY WEATHER REVIEW, July, 1930, vol. 58, pp. 282-283. 


2? British Rainfall, 1874, pp, 25-34. 


2 
‘ 
: 
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funnel (of copper) and a Snowdon funnel gage (of 
ave almost identical totals, while 
the winter the former gave 0.136 inch more per month. 
The annual total was about 30 inches. During March 
and April the shallow-funnel gage gave on the average 
0.027 inch more per month, during the five summer 
months 0.035 inch less, and during the remaining winter 
months as much as 0.150 inch Jess. Apart from the 
winter months, when the differences were due mainly to 
snow, the differences were very small. The relative 
increase in the catch of the Snowdon gage from the 
spring to the summer months is associated with the 

eneral increase in the intensity of the rainfall. The 
Sevmtion gage had therefore marked advantages in 
winter and in summer. There was, however, a sm 
defect due to the larger surface of the funnel which re- 
sulted in greater loss by evaporation. This was apparent 
only in ebeek and April, when showers alternating with 
sunshine are a feature of the weather of the British Isles. 
Symons was satisfied that the advantages of the Snowdon 
gage far outweighed this small defect,’ and this conclu- 
sion has been borne out by subsequent experience. 

A series of comparative readings were subsequentl 
made by Colonel Ward at Rossiniere, Switzerland, wit. 
two copper gages with the rims 1 foot, 6 inches above the 
ground and 9 inches apart. On 30 days during the 
period October, 1873, to February, 1875, the precipita- 
tion took the form of snow, which lay on the ground as 
soon as if fell. In each case the depth of snow was less 
than would fill the deep funnel. On these occasions in- 
dependent estimates of the precipitation were made by 
inverting the funnel over undrifted snow and measuring 
in the ordinary way after melting. The comparative 
readings for these days were: Shallow-funnel gage, 2.67 
inches; Snowdon funnel, 5.56 inches; and the inde- 
pendent methods, 5.43 inches. It was concluded that 
good estimates of snowfall could be made by the use of 
the Snowdon funnel gage, and that serious losses re- 
sulted with the shallow-funnel gage. 

Among the numerous experiments with different types 
of gages carried out in the British Isles, no other com- 
parative readings appear to have been made with funnels 
of depths other than those already quoted.’ Reference 
should, however, be made to the experiments recently 
carried out by Mr. A. J. Bamford in Ceylon, using deep- 
funnel and shallow-funnel gages.* These experiments 
were made with special reference to losses by evapora- 
tion and to the use of bottles in gages, and they confirm 
in —_— the results already given. 

n the experiments made in the British Isles using 
funnels of different depths, the differences in the catch 
have not been correlated directly with the strength of 
the wind, as in America.’ As a matter of fact some of 
the largest differences in the catch occurred with high 
wind, but in general there was little correlation between 
the differences and the strength of the winds. Possibly 
this is due to the gages in the British Isles generally 
being in a reasonably sheltered site, since the standard 
height of the rim of the gage is 1 foot above the ground. 

5’ A summary of the experiments made in the British Isles is given in the article on 
“The Deraepment of Rainfall Measurement in the Last Forty ape by Dr. H, R. 


Mill, British Rainfall, 1900, pp. 23-41, although curiously the question of the depth of the 
vertical funnel is not mentioned 


* The Meteorological Magazine, 1930, pp. 81-87. 
1’ MONTHLY WEATHER REVIEW, July vol. 58, pp. 282-283. 
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EARLY OPENING OF THE NEW YORK STATE BARGE CANAL 


By J. H. Spencer 
[Weather Bureau Office, Buffalo, N. Y.): 


The New York State Barge Canal was officially opened 
this year on April 6, reported to be the earliest in 103 
ears. The steamer William Hengerer and three barges 
eft Buffalo for New York with bonded wheat on the 7th. 
There was practically no ice in Lake Erie after March 
29. Navigation opened at Buffalo on April 3, with the 
arrival of the freighter Coralia from Detroit loaded with 
automobiles. The opening of navigation this year was 
12 days earlier than the average. 
These events reflect the mildness of the winter in this 
section of the country. 


“MICHAEL SARS” NORTH ATLANTIC DEEP-SEA 
EXPEDITION, 1910 


Reviewed by KaTHERINE B. CLARKE 


(Report on thescientific results of the Michael Sars North Atlantic deep-sea expedition, 
1910. Edited by Sir John Murray and J. Hjort. Vol. 1, Deposit Samples by J. Chum- 
ley, pp. 1-12; Physical Oceanography and Meteoro , by B. Helland-Hansen, text pp. 
ee 1 tables and plates pp. 1-102, Published by the gen Museum, Bergen, Norway, 


This volume is the first in a series on the scientific 
results of the Michael Sars expedition, a series which 
promises to be an exceedingly valuable contribution to 
the development of oceanography and associated sciences. 
Planned chiefly as a biological survey of the North Atlan- 
tic, a gratifying amount of geophysical and meterological 
data of real value was also obtained. Few persons are 
better qualified by knowledge and experience to write the 
discussion of these data than the eminent Norwegian 
oceanographer, Helland-Hansen. 

The section on physical oceanography and meteorology 
has two major divisions, the text and the tables and plates. 
The text is further outlined in 10 chapters which cover 
the following topics: Introduction, sea surface and 
air, subsurface temperatures, salinities and densities 
(methods), local variations in general, short-period oscilla- 
tions, the temperatures in the sea, salinities in the North 
Atlantic, stability, dynamics of the sea, and current 
measurements. The text is followed by an ample 
bibliography. 

The chief. interest from a meteorological viewpoint lies 
in the discussions of sea and air temperatures, the inter- 
action of ocean and atmosphere, and diurnal, seasonal, 
and annual variations. Observations were made from 
June 3 to August 15, 1910. For purposes of statistical 
compilation these are divided into four series. On 
Deutsche Seewarte synoptic charts for each day of the 
cruise the position of the Michael Sars is shown. Accom- 
panying graphs give for each day the meteorological 
conditions observed on the ship. 

A very conspicuous positive correlation between surface 
temperatures and surface salinity was found. Regional 
variations were the chief cause for great variations in mean 
surface temperature. The daily period of surface tem- 
perature was not as evident as might be expected, but 
correlated closely with the amount of cloudiness, being 
more prominent with slight than with extensive cloudi- 
ness. A conclusion previously expressed by Helland- 
Hansen and Nansen, that variations in surface tempera- 
ture are primarily the result of displacement of the surface 
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layers and that the warming and cooling effect of the air 
upon the sea is of secondary importance, has been sub- 
stantiated by the results of this expedition. Mean air 
temperature was found to have a strong tendency to follow 
mean surface temperature. Only rarely was the differ- 
ence between the two as much as2°C. These differences 
though slight are of the utmost importance in atmospheric 
processes and necessitate the most careful observations of 
sea and air temperatures. The air was, as a rule, warmer 
than the sea by day and cooler by night, but 68 per cent 
of the averages give air temperatures lower than sea 
temperatures. Variations in humidity correspond closely 
to the variations in temperature differences between water 
and air. Moreover, variations in relative humidity coin- 
cide almost exactly with variations in absolute humidity. 

In the study of gain and loss of heat the author reaches 
the same conclusions as Harvey;' namely, that evapora- 
tion is the chief cause for the loss of heat from the sea, 
excess of outward radiation, and direct convection to the 
air being of secondary importance; and that the stronger 
the heating of the surface layers the less the heating of the 


1 Harvey, M. A. Evaporation and Temperature Changes in the English Channel 
J. Marine Biol. Assoc., V. 13, pp. 67.8-692, 1925 
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subsurface layers, due to greater stability and hence 
lessened convection to lower levels. 

The study of seasonal variations was hampered by the 
fact that the author could find in literature only three 
cases where serial observations for deep offshore parts of 
the eastern North Atlantic have been taken at different 
seasons at the same geographical position. The author 
finds on the whole fairly good indication of ‘‘direct 
agreement between annual variations of the surface tem- 
perature toward the end of the winter and the tempera- 
tures for a considerable time (several months) afterward 
at 50 and 100 meters,” p. 61. 

Throughout the volume Helland-Hansen has amplified 
his discussion with results of his other observations, par- 
ticularly those made in the North Atlantic in collaboration 
with F. Nansen. It is regrettable that the publication of 
results of such expeditions are so delayed. Such delays 
may only be compensated for by thorough and careful 
studies of results, such as are exhibited in this publication. 
The whole volume serves to emphasize the necessity for 
cooperation between investigators in physical oceanogra- 
phy and meteorology and for the collection of more 
detailed and accurate marine meteorological data. 


BIBLIOGRAPHY 


C. Tauman, in charge of Library 


RECENT ADDITIONS 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


Angstrém, Anders. 
Das Angstrém-Pyranometer, T 1930. p. 526-534. figs. 
24cm. (Strahlentherapie, 39. . (1931).) 
Bider, Max. 
Ergebnisse der Beobachtungen mit dem Davoser Frigorimeter 
in Basel. p. 541-564. figs. 24cm. (Strahlentherapie, 39. 
Bd. (19381).) 
Bouasse, H., & others. 
Tourbillons, forces acoustiques, circulations diverses. Tome 
1. Paris. 1931. xxiv, 422 p. figs. 25% cm. 


Davos. Physikalisch-meteorologisches Observatorium. 


Neukonstruktion des ‘ Davoser Frigorimeters.” [Davos.] 
1931. 2p. illus. 34%cm. [Manifolded.] 
Field, R. H. 


Aneroid barometer and altimeter, their characteristics and 
use in mapping. With an angenais The field use of the 
aneroid barometer, by G. C. Cooper. Ottawa. 1931. 

. illus. 25 cm. (Canada, dept. inter. Topographic 
survey. Bul. no. 63.) 
Ginestous, G. 

Récupération de Vhumidité atmosphérique. Alger. 1929. 

7p. 24% cm. (Extr.: Rev. agric. de l’Afrique du Nord.) 


Kirby, Harold Lewis. 
Analysis of meteorology as related to the operation of aircraft. 
Los Angeles. [c1930.] 120, 14 p. front. illus. diagrs. 
26% cm. 
McAdie, Alexander. 
Clouds and the airman. 
aeron. mag. Dec. 1930.) 
Sievert, Otto. 
Wetterkunde. Eine Anleitung zu Wetterverstaindnis und Wet- 
tervoraussage. Dritte vermehrte Aufl. Berlin. [1930.] 
168 p. figs. plate (fold.). 21% cm. 
Talman, Charles Fitzhugh. 
Realm of the air; a book about weather. Indianapolis. 
[c1931.] x, 318p. front. plates. 23 cm. 
Vallaux, Camille. 
Les dérives antarctiques en surface et en profondeur. Monaco. 
figs. 25% em. (Bull. de I’Inst. océan., 
No. 567. 10. fév. 1931.) 
Van Orman, W. T. ! 
Preliminary meteorological survey for airship bases on the 
middie Atlantic seaboard. n. p. 1931. v. p. plates. 
28% cm. (For International Zeppelin transport corpora- 
tion, 52 Wall St., New York City.) [Typewritten.] 
Wagner, A. 
Klimatologie der freien Berlin. 1931. 70 
figs. 27 em. (Handbuch der Klimatologie. Bd. I, Teil F.) 


Waitz, Karl. 


p. 49-59. illus. 30 cm. (Nat. 


Die kosmischen Ursachen des Wetters. Leipzig. [c1930.] 


vii, 95 p. figs. 23% cm. 
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SOLAR OBSERVATIONS 


SOLAR RADIATION MEASUREMENTS OBTAINED DURING 
APRIL, 1931 


By Hersert H. 


For a description of instruments employed and their 
exposures, the reader is referred to the January, 1931, 
REvIEw, p. 41. 

Table 1 shows that solar radiation intensities averaged 
below the normal intensities for April at all three stations. 
At Madison, Wis., on the 10th a high wind caused a dust 
storm of unusual density. The radiation intensity at 
normal incidence was re uced from 1.20 at 9 30 a. m., 
with air mass 1.5, to 0.141 at 2:07 p. m., with air mass 
1.45. Skylight polarization, at 3:44 p. m., with the sun 
30° above the horizon (m=2.0) was less than 20 per cent, 
indicating that the depletion was due to reflection from 
rather coarse particles. The visibility, according to 
Weather Bureau officials at Madison, was only 3 miles. 

Table 2 shows a deficiency in the total radiation re- 
ceived on a horizontal surface as compared with the nor- 
mal amount for April at La Jolla and Fresno and an excess 
3 ha other stations for which normals have been com- 


“skint polarization measurements obtained on 11 
days at Madison, give a mean of 55 per cent and a maxi- 
mum of 66 per cent on the 29th. At Washington, 
measurements obtained on four days give a mean of 59 
per cent, with a maximum of 66 per cent on the 8th. 

hese are slightly above the corresponding averages for 
Washington. At Madison, the values were slightly 
below the corresponding April averages for that station. 


TaBLe 1.—Solar radiation intensities during April, 1931 
[Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 


a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° 


| 76.2 78.7° | Noon 


Date 75th Air mass _ Local 
time A.M P.M, time 

e 5.0 | 40 | 3.0 | 2.0 20 | 30 | 40 5.0 e 


PEN 


Taste 1.—Solar radiation intensities during April, 1931—Contd. 
Madison, Wis. 


Sun’s zenith distance 


Isai. 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 


Air mass 


49 
4.17 
5.16 


‘ 
' 


(0. 98)} (0. 82)|(0, 
1|+0, 00|—0, 03]-+0, 


2 Not included in means. 


TaBLE 2.—Total solar radiation (direct+diffuse) received on a 
horizontal surface 


[Gram calories per square centimeter] 


Average daily totals 
1931 cat.| cat. | cat.|cat.| cat. | cat, |cat.| cat. | cat, | cat, | cat.| cal. 
RSP. 248) 461) 400) 373 241 472| 263 562} 524) 400} 442) 379 
422) 487 461 500} 476 495| 572| 488) 349) 244 
Apr. 16....-.- 503 468) 251 463 556) 409 621} 623) 402) 454) 388 
Apr. 3%. ...... 483 516] 428) 263 267' 496| 293 7| 339) 442) 380 
Departures from weekly normals 
—131} +73) —25) +81 —67 +72) — +36]; —22).--.-|---- 
+144, +20) +66) +64) +123 +57| +96) —44) +4) +3/----|---- 
+84) —64) +35) —55) +1 +49) +36) 
Agt: +57| +82) —60) —84 +29) —80j----|---- 
departures 


on Apr. 29. .|+579|—2, 121|—679|—588)+-1, 204|!+-2, 863|—514|+-1, 773|+-238] —763}-- --|---- 


1 Records for February missing. 


so 

Date er. A.M. 3.0 | 4 bus 

Ap 0. 63 0. 07/0. 

Ricans 

Py, Apr. 20... 0. 82 0. 84 —0. 11)—0. 

=] eans._. 

Departures. 

a 

Vax 

te. 
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POSITIONS AND AREAS OF SUN SPOTS 


{Communicated by Capt. J. F. Hellweg, Superintendent United States Naval Observa- 
tory. Data furnished by Naval Observ in cooperation with Harvard, Yerk 
Perkins, and Mount Wilson Observatories. he differences of longitude are m 
from centra) meridian, positive west. The north latitudes are plus. Areas are cor- 
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Positions and areas of sun spots—Continued 
Eastern Heliographic Area Total 
stand- 
Date ard civil Lo gi Lati ancl 
ngi- - eac. 
time | jong. | tude | tude | SP} Group) Gay 
1931 
h m ° ° ° 
Apr. 19 (Naval Observatory) 11 $2.0] 13.9 
+43.0) 54.9) 49.0) 123 277 
Apr. 20 (Naval Observatory)..... 11 18 |+16.0| 14.6 [+115] 154 
+41.0! 39.6 |+10.0 
+58.0] 56.6} +8.5 154 339 
Apr. 21 (Naval Observatory)... 11 15.1 [+12.0 
+57.0 42.6 |+10.0 |...... 247. 
+71.0| 56.6 62 432 
Apr. 22 (Mount Wilson) 9 45 |+42.0} 15.0 |+10.5 |.....- 249 
+66.0| 39.0 OF 206 
+89.5 | 62.5) +7.0{ 124] -..... 668 
Apr. 23 (Naval Observatory) 11 13 |—14.0 | 305.0 |+-15.0 @ |. 
Apr. 24 (Naval Observatory) ll 30.0 205.7 
+68.0 13.7 |+10.0 170 
Apr. 25 (Yerkes Observatory)....| 15 51 |—59.6 | 230.4 | +4.4 
+12,1 | 302.2 |+14.1 
+14. 0 | 304.1 |4+-13.9 
+15. 8 | 305.9 |4-14.3 
Apr. 26 (Naval Observatory) 14 20 200.7 
aval Observatory) ..... - Vek: 
+27. 5 | 305.2 }4-15.0 
+38. 0 | 304.1 }+17.5 |...... 62 
Apr. 28 Observatory) ..... 11 20 |—23.0 | 220.9 | +5.0 31 
Apr. 29 (Naval Observatory)--..- 11 24 |—10.0 | 220.6 | +5.0 
+33. 0 | 272.6 |+14.0 34 
Apr. 30 (Naval Observatory) 11 22 | +4.0 | 230.4 | +5.0 
+48.0 | 274.4 |+15.0 |_....- 62 77 


PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR APRIL, 


rected for foreshortening and are expressed in millionths of sun’s visible hemisphere, 
The total area, including spots and groups, is given for each day in the last column] 
Heliographic Area Total 
area 
ard elvi Diff. |Lo Lati- an 
ngi- 
time | jong. | tude | tude | SP°t | Group) Gay 
1931 
th m ° ° ° 
Apr. 1 (Mount Wilson) 12 50 |—79.0 | 169.6 | —2.0] 138 
—22.0-| 226.6 | +8.0 44 
+32, 0 | 280.6 | —9.0] 149 
+58. 0 | 306.6 |+-10.0 
—65.0 | 230.7 | +9.5 
Apr. 3 (Naval Observatory) 10 age 
+7.5 | 230.8 | —8.0 
+53.0 | 276.3 | —4.0 
+59.5 | 282.8} —-9.0] 193 
Apr. 4 (Mount Wilson) -.-.....-- 9 45 |—38.0 | 172.6 | —2.0 125 }...... 
+17.0 | 227.6 | +8.0 
+30. 0 | 240.6 | —7.0 
0 | 277.6 | —3.0 14. 
+71.0 | 281.6] —7.0| 26 197 
Apr. 5 (Yerkes Observatory) -..-. 11 43 |—62.2 | 134.2) +5.4) 22 
—31.4 | 165.0 | —2.9 | 
+30. 4 | 226.8 | +6.3 |. 
+32.5 | 228.9} 46.6} 18]... 
+68.5 | 264.9/45.7] 31 173 
Apr. 6 (Mount Wilson)... 13 15 |—51.0 | 131.4 | +5.0 
—10.0 | 172.4 | —2.0 
+40. 0 | 222.4 | +4.0 102 
+46.0 228.4 | +9.0 287 
Apr. 7 (Perkins Observatory)....| 10 45 |—35.0 | 135.4 |+10.0 
+651. 0 | 221.4 +7.0 186 | 558 
Apr. 8 (Naval Observatory)....... 11 14 |-—70.0} 87.1 | +3.0 
—22.0| 135.1 | +5.0 216 
170.1 | —3.0 
0 | 223.1 | +2.0]...... 123 | 487 
Apr. 9 (Naval Observatory)_...-- 11 13 73.9/ 45.0] 16 
—10.0 | 138.9 | +4.5 170 
Apr. 10 (Naval Observatory)..._- 11 14] +3.0| 133.7 | +5.0 216 
| | 133 | 
Apr. 11 (Perkins Observatory)...| 14 0|—60.0| 56.0 |+10.0 124 
1720) 420) | 
Apr. 12 (Naval Observatory) 11 12 |—65.0| 39.3 
+21,0 | 125.3 154 
Apr. 13 (Naval Observatory) 11 15|—50.0} 41.1 
21 
Apr. 14 (Naval Observatory) _...| 11 50/—61.0| 16.5 |+11.0 
Apr. 15 (Naval Observatory)... 11 17 14.6 |+10.0 216 
37.6 |4+22.0] 15 
Apr. 16 (Naval Observatory)... 11 28 |—40.0] 11.3 +11.0 
308 
Apr. 17 (Naval Observatory).__.. 11 14 14.8 |+11.5 185 
$185} | 400 193 | 
354 
Apr. 18 (Naval Observatory).....| 11 14|-10.5| 14.6 |+11.0 123 
+30.0] 55.1 ' +865 123 | 246 


1931! 
[Data furnished through the courtesy of Prof. W. Brunner, University of Zurich, 
j Switzerland] 
wor | Relive | | Relative | pen, wax | Relative 
d 34 11 d 36 21 We 38 
32 12 36 22 1 
29 13 a 44 23 27 
14 38 24 Me 29 
id Ec 25 15 37 25 37 
31 16 a 3l 26 21 
a 40 17 41 27 19 
Bs .scbanide 44 18 22 28 14 
45 19 a 20 29 Wc 17 
a 29 20 20 30 18 


Mean: 29 days=30.9. 


1 Dependent alone on observations at Zurich and its station at Arosa. 

a= Passage of an average-sized group through the central meridian. 

c= New formation of a center of activity: E, on the eastern part of the sun’s disk; W, 
on the western part; M, in the central zone. 

d= Entrance of a large or average-sized center of aciivity on the east limb. 


AEROLOGICAL OBSERVATIONS 
By L. T. Samves 


Free-air temperatures during April were moderately 
above normal at the northern stations, viz, Ellendale and 
oyal Center, and below normal at the more southern 
stations. (Table 1.) 
._ Relative-humidity departures were small and variable 
in Most cases, 


Vapor-pressure departures were mostly negative. 


In Table 2 are shown the mean free-air temperatures 
and relative humidities at the Naval Air stations, and 
it will be noted that the agreement with the kite data is 
close when geographical location is considered. 

Free-air resultant winds at the 3,000 meter level were 
predominantly westerly. The highest resultant velocities 
occurred in the northern and northeastern sections of the 


country. 
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«WEATHER IN THE UNITED STATES 


By M. C. Bennerr 
GENERAL SUMMARY 


During April the temperature in the northern and 
western sections of the country was above normal, while 
in the South from the Great Plains eastward to the 
Atlantic it was cool. The lowest temperature occurred 
during the early part of the month, and freezing weather 
was recorded in ByeRY State except Florida. 

Precipitation for the month was below normal over 
much of the country.. The greatest deficiencies occurred 
from the lower Mississippi Valley eastward, and in the 
western Lake region, the northern Great Plains and 
northern California, with some rather large areas receiv- 
ing less than half the average for the month. On the 
other hand, precipitation much above the normal was 
noted in southern California and eastward to western 
Texas and New Mexico, some stations reporting the 
heaviest precipitation of record for April. Likewise the 
upper Ohio Valley, much of New York, Pennsylvania, 
the Virginias and Carolinas and the Florida Peninsula 
received more than normal. wie 


TEMPERATURE 


The general temperature situation in April was de- 
cidedly like that in March, each month averaging warmer 
than normal throughout northern and far western sec- 
tions but cooler than normal elsewhere. However, dif- 
ferent portions of April showed decided contrasts. 

The opening week was generally colder than normal, 
but was warmer in the extreme Northeast, the upper 
Missouri Valley and the far West. Thereafter, for a 
fortnight, nearly all the country experienced warm 
weather, especially the north-central portion; but much 
of the Gulf section and part of the far Northwest were 
slightly cooler than normal. 

he final decade of April was colder than normal in 
nearly all the country, particularly from the western 
Plains eastward to the Appalachian Mountains; but the 
Pacific States and much of the Plateau region and 
Florida averaged warmer than normal. 

April averaged almost 5° colder than normal in Texas, 
where it was slightly colder than the coldest previous 
April in the 40-year period of State-wide record, and 
generally from central New Mexico and western Kansas 
eastward to the south Atlantic and southern middle 
Atlantic coast it was somewhat colder than normal. In 
the northern portion of the country and west of the 
Continental Divide, the month averaged warmer than 
normal, the greatest excesses, over 3° per day, bei 
noted in Minnesota and California. At Los Angeles an 
Sacramento, Calif., it was the hottest April of record, 
and very nearly the hottest at Yuma, Ariz. 

The — temperatures were recorded usually during 
the period from the 8th to the 19th, but in the far North- 


west and part of the south Atlantic area during the last 
five days of the month. A few stations in Arizona and 
alifornia recorded temperatures above 100°, while in 
about half of the States the marks were 90° or higher. 
Most of the northern border, Ohio Valley, and Atlantic 
States recorded no marks quite as high as 90°. 


- The lowest temperatures occurred usually during the 
opening week, save in California, part of the Plains, and 
a few eastern States at various dates during the final 
decade. Florida, which recorded 33° at one station, was 
the only State entirely without freezing weather, but only 
in Michigan, Colorado, Wyoming, Montana, and Idaho, 
were marks below zero reached at any stations. 


PRECIPITATION 


The first week of April brought considerable rain to 
Washington and portions of the States adjoining, also in 
the eastern half to many portions of the Atlantic and East 
Gulf States and the upper and middle Ohio Valley. The 
second and third weeks were less rainy, viewing the coun- 
try as a whole; but the far Northwest had moderate 
amounts till about the 18th, while from northern Ar- 
kansas to southern Minnesota most counties had con- 
siderable rain and the greater part of the Florida peninsula 
was visited by heavy downpours about the 15th. 

From the 22d onward the rainfall was mainly more 

lentiful and more widely distributed, although the far 

orthwest and many north-central districts had either 
none or very little. Considerable portions of southern 
California and Arizona received heavy rains for the region 
and the time of year. The Rio Grande Valley and most 
of the middle Plateau and Rocky Mountain regions had 
much precipitation, likewise a broad area from Texas 
northeastward to and including the Appalachian region, 
the Ohio Valley, and the lower Lake region. 

The month’s precipitation was less than normal in 
about three-fourths of the States, yet there were many 
favorable features. The largest. amounts, slightly over 
10 inches, were reported from a few stations in Washing- 
ton and Florida. Practically throughout the Ohio Valley, 
Virginia, Maryland, and New Jersey there was at least 
1.5 inches at every station, and in a large part of the 
Ohio Valley and the vicinity of Lake Erie, the monthly 
precipitation was greater than normal for the first time 
in more than a year. Most of Virginia and of the central 
and western portions of the Carolinas had more rain than 
normal, and almost all of the Florida Peninsula a marked 
excess, 

West of the Mississippi River there was more precipita- 
tion than normal in considerable portions of Arkansas, 
Oklahoma, and Kansas, almost throughout the drainage 


area of the Rio Grande, and in the southern portions of — 


Arizona and California. At El Paso, Tex., 2.24 inches 
fell, more than eight times the normal April quantity, 
and 160 per cent of the greatest previous April fall in a 
record of more than 50 years. Los Angeles measured 3.02 
inches, practically three times the normal, all of it within 
the space of six days, 22d to 27th, and almost three-fifths 
of it within 24 hours. 

The inset on Chart V shows the departure from the 
normal for the month. As there shown the precipitation 
was considerably less than normal in the vicinity of the 
lower Mississippi River and in the upper Lake region and 
thence westward to northwestern Nebraska, the northeast- 
ernmost part of Wyoming, and the central portion of 
Washington. In the northern half of California the 
precipitation was decidedly deficient, save in the region 
of the Sierra Nevada Mountains. 
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SNOWFALL 


The April snowfall was considerable over most portions 
of New York and eastern Qhio, in western and northern 
Pennsylvania, and the mountainous portions of Maryland, 
the Virginias, and North Carolina. On the other hand, 
the upper Lake region had comparatively little, and the 

ater part of the upper Mississippi and lower Missouri 
Valleys ad either none whatever or too little to be meas- 
ured. 

In northwestern Kansas, the western half of Nebraska 
and much of South Dakota there was considerable snow, 
chiefly after the 20th of the month. 

In the elevated portions of the regions near or to west- 
ward of the Continental Divide, the snowfall was mainly 
much below normal in the northern area and somewhat 
below in the southern. Certain districts in about lat- 
itudes 37° to 43° had considerable snowfall, especially 
the Sierra Nevada region. 
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SUNSHINE AND RELATIVE HUMIDITY 


Rather abundant sunshine prevailed generally during 
the month in the northern and central areas from the 
Great Plains eastward to the Atlantic and in the Pacific 
regions from southern Washington to central California. 
On the other hand, the sunshine was deficient throughout 
much of Texas, Oklahoma, eastern Colorado, and New 
Mexico. Elsewhere it was generally near or slightly be- 
low the normal. The relative. humidity was above the 
average from southern Arizona eastward to central 
Texas and Oklahoma. The plus departures were rather 
large in some of the areas, as would be expected from the 
large amount of precipitation received in those regions. 
Elsewhere the relative humidity was generally near or 
slightly below the normal. 


SEVERE LOCAL STORMS, APRIL, 1931 


(The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement will appear in the Annual 
Report of the Chief of Bureau] 
Width of | Loss| Value of 
Place Date Time path, of Property Character of storm Remarks Authority 
yards life | destroyed 
Cone, Allegany, and Wy- 8 1i..04.i.---4aet- eee Trees, telephone and power lines consider- | Official, U. 8. Weather 
oming Counties, N. Y, ably damaged. Bureau. 
Pittsburgh, Pa., and vicinity... Thunderstorm and| 25 persons marooned on island; basements Do. 
eavy rain, flooded; other property d i 
Havre, Mont., and vicinity. ....- 7-9 |..---- Minor damage to windows signs; con- Do. 
siderable loss by blowing soil. 
Clark and Comanche Counties, 15 | 2-4 p. Owl, Heavy of damage not reported; path 19 Do. 
ong. 
Edwards County, Kans........-- 15 | 4p. m....-. 5 mi. $10, 000 |..-.-- of damage not reported; path 10 Do, 
es long. 
Pawnee County, 15 | P. m..-.... ~-00 near Rozel; character not Do. 
reported. 
White Signal, N. 16 | 1-1:30p. m./1, 760-3, 520 considerably damaged; gardens Do. 
Adair County, Iowa--.-......-.. 18 | 4:30-5:30 10,000 | Wind, hail and | Character of damage not reported. ..-......- Do. 
p. m. probably a tor. 
0. 
Dallas County, 1,760 6,000 | and crops damaged; path 3 miles Do. 
ayne nties, 
Indianapolis, Ind. (7 miles south 20 | A. m_. = leat Thunderstorm. ._.| 3 horses killed; truck and quantity of hay, Do. 
of). feed, and other grains destroyed. 
Washington and 21-23 |.- Wind and dust_...| Severe in, to fruit blooms, vegetables, and Do. 
truck; blown out; timber and com- 
munication lines prostrated. 
VO 22 | 12:15-12:30 50 4,500 | from 24 houses; 1 small building Do. 
p.m. emo 
Utah Wind and sand_-.-! Overhead wires and trees blown down; 11 Do, 
freight cars blown from track; many resi- 
dences damaged and several small - 
wrecked; crops injured; traffic delayed. 
Palisade, Vineland, and Upper 24/121p.m Ee MAR Apricots considerably damaged; other fruits Do. 
Orchard Mesa, Colo. slightly injured. ¢ 
Hosston to Gigsland, La...-...... 25 | 9p. m..... 2-6 mi, |...... 10,000 | Thundersquall, | Buildings and crops d ; much replant- Do. 
mee ing required; path 55 
c 
Marietta to Kildare, Tex_......-- 3, 520 yy Corn and fruit severely Do. 
Belen, N. 27 | 3:30 p.m dd 2,000 |..--- Roofs, orchards, and gardens damaged - Do. 
El Paso, Clint, and Sanderson, | 28-29 |.......-.-.. 1, 760 Thunderstorm | Young crops destroyed; auto tops pierced; Do. 
Tex. and hail. livestock killed; path 315 miles long. 
Little Rock, Ark........-........ 30 |. Severe thunder- | Small buildings floated from foundations; Do. 
storm. Plate glass broken. 


RIVERS AND FLOODS 
By Montross W. Hares 


There were more overflows in April, 1931, than in any 
other month since June, 1930, but those east of the 
Rocky Mountains were of minor importance. 

Mild weather and rain near the middle of the month 
produced stages that were slightly above bankful in the 
Connecticut River, the Chenango (in New York) and 
the upper Susquehanna (in New York). There was no 
damage attendant upon the overflows. Some merchan- 
dise, valued at $25,000, in Hartford, Conn., was saved 


by. bane moved to a safe place before the overflow 
arrived. 
Bankful stages were reached by some of the rivers in 
eastern North and South Carolina, western Alabama, 
northern Missouri, western Pennsylvania, and. south- 
eastern Ohio. The overflows were slight and the re- 
ported property damage was small, but three persons 
were drowned in Ohio. 1 , 
Roads were damaged to an indeterminate extent by 
Pawnee Creek, in Pawnee County, Kans. 901 | 
Floods in Oregon and Washington were of ater 
consequence than any of those east of the Rocky Moun- 
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tains, but information in regard to their extent and 
intensity is still incomplete. A discussion of them will 
appear in a later copy of the Review. — 

iver stages that were unprecedentedly or unusually 
low for April prevailed in all of the Mississippi System, 
except in the Ohio Basin. 


Table of flood stages in April, 1931 
{ All dates in April unless otherwise specified] 


Above flood 
Flooa | Crest 
River and station stage 
From— | To— | Stage | Date 
ATLANTIC SLOPE DRAINAGE 
Feet Feet 

Connecticut: Hartford, Conn-.--......-.--| 16 12 16 17.9 13 
Chenango: Sherburne, N. Y.--.--------.- 8 10 ll 8.8 ll 
Susquehanna: Oneonta, N. Y-....-.-....--- 12 il 13 14.5 ll 
Roanoke: 

Weldon, N. C 30 7 9 32.8 8 

Scotland Neck, N.C 23 7 25.7 9 

Williamston, N. C........---.-----.-- 7 5 18 8.6 13 
Neuse: 

Neuse, N. C. ahead 15 8 9 15.8 9 

Smitha, Ni 14 7 15.8 9 
Cape Fear: Elizabethtown, N. C......--. 22 8 10| 25.7 9 
a Mars Bluff Bridge, 8. C....-....- 17 10 ll 17.4 ll 

antee: 
Rimini, 8. C 12 2 ll 14.0 6 
Ferguson, 8. C 12 5 12 12.6 10 
EAST GULF OF MEXICO DRAINAGE 

Tombigbee: Lock 10, Demopolis, Ala....-. 39 6 10 42.3 8 
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Table of flood stages in April, 1931—Continued 
Above flood Crest 
Picea’ 
River and station stage 
From— | To— | Stage | Date 
MISSISSIPPI SYSTEM 
Missouri Basin 
. Feet Feet 
Grand: Chillicothe, Mo. 18 21 22 21.9 21 
Ohio Basin 
Kiskiminitas: Saltsburg, Pa......-....--.-- 8 4 4 8.8 4 
Allegheny: Lock 5, Freeport, Pa. 4 4 24.7 + 
Hocking: Athens, Ohio--......-..........- 17 5 5 17.4 5 
to: ll 11.1 4 
Holston, North Fork: Mendota, Va-....-.-- 8 5 5 10.0 5 
WEST GULF OF MEXICO DRAINAGE 
Trinity: Dallas, Tex. 28 2 31.7 
Rio Ris, 10 29 29 10.1 
PACIFIC SLOPE DRAINAGI; 
Columbia Basin 
Willamette, Coast Fork: Saginaw, Oreg.-- 9 1 1 10.4 1 
Long Tom: Monroe, Oreg......-.-...-.--- 8 | Mar. 31 7 12.4 2 
North Santiam: Me 1 16.0 1 
South Santiam: Waterloo, Oreg.-.......-- 1 21.0 1 
Santiam: Jefferson, Oreg..-......------... 10 |-..do.... 2 17.5 1 
Yamhill: McMinnville, 35 1 3 41,2 1 
Willamette: 
Eugene, Beg 12 1 13.0 1 
Hi burg, 7 10 | Mar. 31 3 15.0 1 
em, Oreg eed 20 1 2 23.3 2 
Oregon City, Oreg.-..-..--.-.....-.-- 12 1 5 15.0 3 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


The weather over the North Atlantic during April was 
in marked contrast to that prevailing during the previous 
month, which was unusually stormy with abnormal pres- 
sure distribution. On the other hand, the number of 
= with gales during the current month was consider- 
ably below the normal, and the gales were not reported 
on more than three days in any 5° square, the maximum 
occurring in the square between the fortieth and forty-fifth 
parallels and thirtieth and thirty-fifth meridians. Up to 
time of writing only 21 vessels have rendered storm reports 
indicating a wind force of 9 or over; 4 vessels reported 

hest force 10, and 1 force 11. | 

og was unusually prevalent over the Grand Banks, 
where it was reported on from 8 to 14 days. The number 
of days in which it occurred in other localities is as fol- 
lows: Along the American coast, between the thirty-fifth 
and forty-fifth parallels, from 6 to 8 days; over the steamer 
lanes, between the tenth and fortieth meridians, from 1 to 
3 days; along the European coast, from 1 to 4 days; in 
the Gulf of Mexico, 4 days. 

In the following table giving the barometric data at a 
number of island and coast stations, it will be noticed that 
Julianehaab, Greenland, and Cape Gracias a Dios, Nic- 
aragua, are missing. From the former station reports 
were received on only 15 days, and from the latter, none 
since April 14. According to press reports the station at 
Cape Gracias was attacked and dismantled by Nica- 
raguan insurgents. Observations were resumed on May 
ri however, and the results should appear in the table for 

une, 


TaBLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure at sea level, 8 a. m. (seventy-fifth meridian), North Atlantic 
Ocean, April, 1931 


Average | Depar- 
Stations pressure | ture Highest} Date | Lowest] Date 
Inches Inch Inches Inches 

Belle Isle, Newfoundland_-_--- 29. 87. | 1 +-0. 04 30.40 | 2ist_...- 29. 34 | 28th. 
Halifax, Nova Scotia-----..- 29.97 | ? +0. 04 30.40 | 13th..__. 29, 56 | 27th. 
30. 00 | ? +0. 03 30.42 | 13th..__- 29. 46 | (2d. 
30. 06 | ? +0. 03 30. 40 | 13th... 29. 26 | Ist. 
30.01 | ? —0. 02 30. 24 | 7th.._._- 29. 80 | ist. 
New Orleans---..... .--.--- 30. 09 | ? +-0. 05 30. 30 | 6th 3__ 29. 84 | ist.3 
"TURES 30. 05 | +0. 03 30. 16 | 4th._._.. 29.96 | 16th.? 
30.12}? +0.03 | 30.30 | 4th...._. 29, 84 | 24th. 
Horta, 30. 21 | 1 +0.10 30. 44 | 16th____. 29. 80 | 7th. 
Lerwick, Shetland Islands. 29.81 | 1 +0. 01 30,28 | 19th.....| 29.34] Sth. 
Valencia, 29. 96 | ! +0. 07 30.48 | 13th..__. 29. 07 | 24th. 
29. 88 | 1 +0. 01 30. 29 | 10th..__- 29.12 | 25th. 


1 From normals shown on Hydrographic Office Pilot Charts, based on observations at 
Greenwich mean noon, or 7 a. m., seventy-fifth m time. 

2 From normals based on 8 a. m. observations. 

3 And on other date or dates. 


Charts VIII and IX show the conditions on the Ist and 
2d when there was a well-developed disturbance, central 
on the Ist near the Virginia Capes, the storm area that 
day extending south into the Gulf of Mexico. 

dn the 3d and 4th unusually strong northeast trade 
winds occurred in the vicinity of the Canal Zone, as 
shown by reports from the British steamship Shirvan, 
given in the table of gales. On the same date there was 
also a disturbance over the Azores, that reached its 
greatest intensity on the 4th. On the 6th and 7th a 
slight depression was off the American coast, between the 
thirtieth and fortieth parallels, and on the same date 
moderate gales were reported from vessels in the 


middle section of the steamer lanes. 
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On the 8th and 9th the region between the twentieth 
meridian and the Azores was swept by a severe disturb- 
ance, and on the latter date the Italian steamship Conte 
Biancamans, encountered a northwest wind, force 11, 
as shown in table of gales. 

From the 10th to the 21st moderate weather was the 
rule over the ocean as a whole, although on the 14th a 
stiff “‘Norther’’ was encountered in the Gulf of Mexico, 
as shown by the report from the American steamshi 
Alabama in the table of gales, and on the 16th a Low o 
the east coast of Newfoundland was responsible for winds 
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drifted slowly northward during the next 48 hours, and 
moderate to strong gales occurred on the 22d in the 
northerly quadrants, and on the 23d and 24th in the 
southerly. 
On the 23d a disturbance was central near 43° N. and 
20° W., that increased in intensity as it moved eastward, 
and on the 24th northwest gales prevailed over the steamer 
lanes between the fifteenth and thirtieth meridians. 
During the remainder of the month the weather condi- 
tions were hardly worthy of note, except that on the 27th 
a LOw central near Eastport, Me., was attended by moder- 


of force 7 in the southerly quadrants. ate gales, the storm area extending as far south as the 

On the 22d a Low central near 35° N. and 53° W., _ thirty-eighth parallel. 

OCEAN GALES AND STORMS, APRIL, 1931 
Vv Position at time of Direc- | Direction | Direc- 
oyage lowest barometer Time of Low- | tion of | and force | tion of | Highest | ghitts of wind 
Gale lowest Gale est wind of wind wind force of near time of 
Vessel began | barom- | ended ba- when | attimeof| when | wind and lowest 
From— To— Latitude | Longitude eter an direction 
NORTH ATLANTIC 
OCEAN 

Inches 

Tatsuno Maru, Jap. 8.8.) Houston. 27 48 84 44 W | Mar. 31 | Apr. 1 | 29.59 | W--..-- y. 

Lotte Leonhardt. Ger. | New York...| Aruba......-- 28 21 N| 73 57 W |...do....- 7a. 29.63 | 8.....-- —.| WSW-.| WSW, 8, WSW. 

Persephone, Danzig M. | Las Piedras..| Southampton N| 3212W]| Apr. 2/ 11p.2...| Apr. 4| 29.92 | SW....| NNW, 8..] NNE_-| N, NNW, N. 

Shirvan, Br. S. S........ Canal Zone,.| Lands End..| 1212 N| 7632W]| Apr. 3|7a.3....| Apr. 3| 29.80] NE....| N, —-..-- ENE..| —, &...... NE, ENE 

Galveston..._; Barcelona.._.| 38 08 24 30 W 8a.4-..| Apr. 4 29.60 | NNW-.| NNW, 9.-| NE....| NNW, 9.-| NW, NE. 

Stuyvesant, Du. 8. S....| New York...| Port au|3346N| 7402W| Apr. 5| Mdt.5..| Apr. 6| 29.82| WSW-_.| SSW, 9....| SW_...| SSW, 

ce. 

Wilson, Am. | Marseille_._-- New York.-.-| 40 3150 Apr. 7/|2p.7...-| Apr. 8 | 29.61 | NW-...| NW, 5....| NNW_| NNW, 9..| NW, NNW. 

Jefferson Myers, Am. | London..-... Philadelphia_| 39 56 N | 60 26W| Apr. 8|2p.8....| Apr. 9 | 29.36 | SW_...| SW, 10....| NNW-| SW, 10.-.- 

Oilfield, Br. S. Hull. ........ Curacao... 43 38. N | 21 25 W 3p. 29.30 | NE..._]'N, 10......] NE, NW. 

New York._.| Gibraltar... 37 50 N | 18 40 W 29.42 | NW--- NW, NE.... NW, NW, NNE 

Alabama, Am. 8. S......| Port Arthur. Wilmington, 26 20 N | 85 40 W| Apr. 13 | 2p.14...| Apr. 14] 29.76 | ENE..| NNE, 10..| NE...-| NNE, 10..| Steady. 

Excelsior, Am. 8. S_____- Marseille____- Boston.....-- 42 57 N | 5855 W| Apr. 15| 2a. 15.-.| Apr. 16 | 29.88 | N--.--- NW....| NW, 9... 

Examelia, Am.8. S_.....| 43 40 N | 42 50 W Mdt. Apr. 17 | 29.55 | SE_..-. SW, 8.....| SW...-| SE, 9...._. 8, Sw. 

Boniface, Br. 8. Antwerp-.---- 50 19 N 0 51 W | Apr. 17] 11a. 18__| Apr. 18 | 29.45 | WNW.-.| N, NE....| NNW, 10.| NNW, NE, 

Bilderdijk, Du. 8. Rotterdam___| 42 21 N| 45 10 W Apr. 22] 8a. 22..-| Apr. 22] 20.84] ESE.._| ESE, 8_.....- ESE, 9....| ESE, 8. 

Jamaica Settler, Br. S.S-| Kingston... - 4700 N| 14 30W| Apr. 23 | 8p. 23...| Apr. 24| 29.32] WSW_.| WSW,7.-| NW....| NW, WSW, WNW 
d Kelvin, Br. S. S...| 50 10 N | 23 10 W | Apr. 22 | 10a, 24._| Apr. 25 | 29.46 | W---... | NW, 7...-| NW-_...| NW, 

Express, Am. 8. Casa Blanca.| New York-.-.-.| 38 02 N | 69 06 W | Apr. 26 | 9 p. 26_..| Apr. 27 | 29.61 | S_.--..- SW, 9.-... WNW.| SW, 9.---- 8, WSW. 

Prince, Br. | Naples....... 42 24. N | 65 49 W |_..do 7a. 29.63 | SW.6.....| WSW. 9__| 8, SW. 
NORTH PACIFIC 
EAN 

Stuart Dollar, Am. 8. S.| Legaspi...._- Los Angeles__| 35 20 N | 159 00 E | Mar. 31 | 8a.2....| Apr. 29.49 | SSE....| SW, 10....| SW....] SW, 10. SSE-SW 

Golden Peak, Am. S__| Shanghai____- San Francisco| 36 56 N | 149 18E | Apr. 2| 10a. 29.26 | WNW-_| WNW, 10! WNW, 10.| WNW-W. 

Silvercedar, Br. M. Balik Papan_|----- 38 16 N | 154 58 W NW, 9..-- 

Nevada, Am. 8. Portland-....| Yokohama-_--} 46 25 N | 155 32 E 10 p. 2...| Apr. 3 | 28.96 | NE....) NE, 8....-} N_...--. N, 11....-.| NE-N. 

Grays Harbor, Am. 8. 48 05 N | 157 03 E |_.-do_.__- 6a.3....| Apr. 4| 28.69| E.....- N, NNW..| ENE, i0__ 

40 32 N | 148 06E | Apr. 5 | 3a.6....| Apr. 6 | 29.61 | SE.....| SE, 9.....| SSW-...| ESE, 9....| SE-Wsw. 

Canad. Winner, Br. S.8_| Panama._---- 14 28 N | 95 58 W 3p 29.97 | ESE..-| N, NxE. 

Iowan, Am. 8. Angeles__| 15 10 N | 96 00 W do 29.88 | ENE_.| ENE, 7.--| N, 10..-.-- ENE-N. 

Golden Tide, Am. 8. S_.| Portland. Yokohama..-| 49 08 N | 142 20 W | Apr. 6 | 8a.6.._-| Apr. 7| 29.42| WNW-.| WSW, —.| N._.._- WNW, 9..| WNW-WSW. 

Grays Harbor, Am. S. S.| 38 50 N | 145 20E |_--do..... Noon 7..| Apr. 8 | 29.13 | WSW-.- WNW. 

Stuart Dollar, Am. S. Los Angeles._| 40 55 N | 161 40 W | Apr. 10 | 11 a, 10._| Apr. 11 | 29.43 | SW....| SW, 7.--.- WNW. 9..| WSW-WNW. 

Chief Capilano, Br. 8. 8_| Port Alberni 49 25 N | 174 15E | Apr. 11 | 2p. Apr. 12 | 28.92 | SSW...| WSW, WNW.| WSW, 9..| WSW-WNW 

Seigneur, Br. S. |. Union Bay...| Yokohama--._| 48 11 N | 168 22E | Apr. 12} 4a, do. 29.04 | W.....- W-Wwsw. 

Golden River, Am. S. 8.| Hong Kong--| San Francisco] 46 45 N | 153 40 W | Apr. 17 | 4p. 20...| Apr. 29.938 | NE....| NE, 7_.... NE....| NE, 9..--- NNE-NE. 

Emp. of Russia, Can. 8. | Victoria.....- Yokohama...| 49 32 N | 170 59 E |..-do..... 4 p. 18___|...do 29.35 | SSW...| 8, 8...-...| W......| 8, 10...... S-SSW. 

Minn .8.S... Balboa__....- 14.26 | 9642W| Apr. 22 | —22.....| Apr. 23 | 29.82 | ENE..| ENE, 7...) N...... NNE, 9...| ENE-NNE. 

Golden Tide, Am. 8. S.-.| Yokohama.--| 43 30 N | 156 26 E 3 a. 23..-| Apr. 24 | 29.55 | SSW...| SW SSW, 10..| SSW-WNW. 
38 51 N | 146 21E | Apr. 25| 9p. 25._| Apr. 26 | 29.87 | NNW-_| NNW, i0.| NNW_]| SSW, 10__| SSW-NNW. 

Jeff Davis, Am. M. V...| San Pedro....| Honolulu....| 25 08 N | 148 48 W | Apr. 27 | 4p.27.-.| Apr. 27 | 29.67 | SW..-.| WSW, 8..| W_..... SW, 8..| WSW-NW. 
Madison, Am Seattle... Yoko! 47 50 N | 165 03 E | Apr. 26| 6a. 29.12 | SSW_.-| 8, WSW._| S, 8.......| S-WSW. 

City of Los Angeles, Am. Los Angeles..| Honolulu....| 29 26 N | 137 05 W | Apr. 28 | 3a, 28...) Apr. 28 | 29.60 | SE.....| SE, 9_.....| SE.....| SE, 10..... Steady. 

Shoyo Maru, Jap. 8..| Yokohama_-_.} Los Angeles._| 41.19 N | 159 19 E do. 1 p. 29...; Apr. 30 | 29.36 | SH.....| E, 9.....-. NE....] E, 9......: 

Golden Star, Am. 8.'S_| Hong Kong--| San Francisco] 41 05 N | 153 55 E 8 p. 28.-- pr. 29 | 20.43 | NE__..| NE, SE-NE. 
Do. 4468 do 43 10 N | 150 35 | Apr. 30 | 6p. 30...| May 1 | 29.03 .-.-.| SE, 8.....| SW...-| SE, 9......| SE-SW. 
SOUTH PACIFIC 

OCEAN 

Canad. Conqueror, Can. | Panama_.._..| Auckland....| 32 55 S | 174 20W Apr. 9| 4a. 10.-.| Apr. 10 | 29.29 | NNE..| NE, 10....| WSW-.| W, 10..-.. 
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Apri, 1931 
NORTH PACIFIC OCEAN 
By E. Hurp 


Atmospheric pressure —During the early half of April 
1931, low pressure was, for the most part, well developed 
in northern waters, with days of greatest intensity and 
lowest barometer in the Aleutian region on the 4th and 
during the 11th to 13th. For the same 15-day period the 
North Pacific anticyclone was well established in its 
usual position except during the first three or four days. 
On the 16th it spread northward, enveloping the Aleutian 
region and the Gulf of Alaska and giving barometric 
readings as high as, or higher than, 30.50 inches at Dutch 
Harbor and Kodiak on the 18th and 19th. Thereafter 
the anticyclone weakened and became disrupted in area, 
and toward the end of the month was displaced by cy- 
clonic conditions over most of the eastern half of the 
ocean, except for a considerable strip —s the American 
coast from lower Alaska southward, where the HIGH 
was reorganizing and, in lower latitudes, expanding 
westward. At Midway Island there were no pressure 
readings below 30 inches until the 28th. 

The following table gives barometric data for several 
island and coast stations in west longitudes, including 
Point Barrow on the Arctic Ocean. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure at sea level at indicated hours, North Pacific Ocean and adjacent 
waters, April, 1931 


Depar- ‘ 
Stations pressuce | from {Highest} Date | Lowest | Date 
normal 
Inches Inch Inches Inches 
Point Barrow ! 30.16 | +0.07 30.90 ; 30th... 29. 24 | 13th. 
Dutch Harbor !. _._-....-.-. 29. +0. 02 30. 54 © 18th_..- 28.80 | 12th. 
St. turd 29. 79 0. 00 30.52 26th 3__ 28. 86 | 12th. 
29.74} —0.01 30.70 | 19th__.- 28.76 | 4th. 
Midway Island !____. 30.16 | +0. 04 30.42 | Ist__.... 29.58 | 30th. 
A 30.04 | —0,02 30. 20 | 10th__. 29.81 | 27th. 
29.84]; -—0.12 30. 75 | 29.08 | 12th. 
Tatoosh Island 4 §___....._-.- 30. 04 0.00 30.42 | 20th _. 29. 64 | 6th. 
F 29.96 | —0.08 30. 21 | 8th__..-- 29. 43 | 22d. 
San Diego 29.93 | —0.03 30. 09 | 4th_ 29.71 | 2d. 
1 P. m. only in averages; a. m. and p. m. in extremes. 
2 For 29 days. 
? And on the 27th. 
A. m. and p. m. observations. 


4 
5 Corrected to 24-hour mean. 


Cyclones and gales.—There was a considerable improve- 
ment in the weather conditions of April over those of 
March as regards storminess, especially west of the mer- 
idian of 180°, in which great area severe gales were much 
less frequent. Here, as in the preceding month, the 
roughest weather reported occurred to the westward of 
the one hundred and sixtieth meridian of east longitude. 
The severest cyclone of the month lay as a moderate 
Low south of Japan on March 31. On April 1, with 
gathering energy, it lay east of Honshu, and on the 2d 
and 3d was southeast of the Kuril Islands, at which time 
it caused strong to whole gales over a large area in all 
quadrants, with a maximum reported wind force of 11 
from the north on the 3d, encountered with snow by the 
American steamship Nevada, near 46° N., 155° E. This 
was the heaviest gale indicated as occurring along the 
trans-Pacific routes during the month. The storm 


moved rapidly east-northeastward and by the 4th, with 


abated energy, had become amalgamated with the 
Aleutian po 
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The second cyclone of some importance to shipping 
over the western part of the upper sailing routes was 
central over the Japan Sea on the 5th, and from this da 
until the 9th, during its eastward movement, caused fres 
to strong gales, with heavy squalls of rain and snow, 
between Japan and about the meridian of 160° E. 

No further days or periods of equivalent. storminess 
occurred within this region, such later gales as were 
reported being more local and on only the 22d and 25th 
rising to whole gale force. 

Along the upper routes between 170° east longitude 
and the American coast, gale winds were far less frequent 
and severe than to the westward, in spite of the fre- 
quently disturbed condition of the weather under the 
influence of the Aleutian cyclone. At most, winds of 
force 8 or over were reported on not more than two days 
in any one 5° square, and were usually of local character, 
on only one occasion attaining to force 10. 

Along the California-Hawaiian routes gales were re- 
ported on only two days—the 27th and 28th; the former 
of fresh force; the latter of force 10, from the southeast, 
near 29° N., 137° W. The causative disturbance orig- 
inated near the Hawaiian Islands about the 25th. it 
spread rapidly. northward, joined with a depression lying 
off the California coast, and for the remainder of the 
month lay spread over a great part of the central and 
eastern region of the ocean. It had little violence except 
locally in its extreme southeast. 

The only gales reported from the tropics were the 
northers encountered in the Gulf of Tehuantepec on the 
5th to 7th, and on the 22d. The heaviest weather here 
occurred on the 6th, when winds of force 10 and 11 over- 
spread for a few hours a considerable portion of the Gulf 
and to the southward for a distance of at least 250 miles 
below. Salina Cruz. On the 22d a ‘‘Tehuantepecer” 
attained a force of 9. The high velocities in both in- 
stances were due to extensive anticyclones extending 
from the lower part of the United States over the Gulf 
of Mexico. 

Winds at Honolulu.—The prevailing wind direction at 
Honolulu was from the east during April, with a max- 
imum ot of 26 miles from the same direction on the 
4th. Toward the end of the month the winds changed 
to southwest and west with the existence of the far-spread 
cyclone to the northward. 

Fog.—The change in fog occurrence from that of March 
was slight, the percentage of days on which it was re- 

orted being a trifle higher in some areas remote from 
and. Near the California coast, between about 35° and 
40° N., it was observed on 11 days. Over scattered 
localities between 45° and 52° N., 130° to 155° W.., it 
was noted on 10 days. Between 30° and 35° N., 145° 
and 167° E., it occurred on 9 days, similarly scattered. 
Between Hong Kong and Shanghai reporting vessels 
found it on three days. 

Smoke.—As in March, smoke continued to be observed 
in April along the Central American and lower Mexican 
coasts, being actually reported by steamships on 10 days, 
and as due to brush and forest fires along the hills. It 
was noted on the 25th along the straits connecting 
Vancouver Island with the mainland. 

Dust at sea.—Owing to the special interest of this 
occurrence, it is considered in connection with an account 
of the dust storm in Washington and Oregon April 21-24, 
1931, which will appear in a subsequent issue. 
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BUCKET AT OF SEA-SURFACE TEMPERA- 


By Gries Stocum 
STRAITS OF FLORIDA AND CARIBBEAN SEA 


The temperatures herein published are the means of 
the average temperatures for the four quarters of the 
month, except that, in the case of the 5° subdivisions of 
the Caribbean Sea, the figures shown are the simple means 
of the observed temperatures with the entire month 
taken as a unit. Table 1 shows the lengths of the quar- 
ters for each length of month. 

Table 2 shows the average temperature for the Carib- 
bean Sea and the Straits of Florida for April of each year 
from 1919 to 1930, inclusive, and Table 3 summarizes 
the temperature for the month in the same areas, includ- 
ing the departures of the April, 1930, means from the 
ll-year means for April (1920-1930),’ and the changes 
from the temperatures for the preceding month of 
March, 1930. 

The chart shows the number of observations taken 
during the month of April, 1930, within each 1° square; 
the mean temperature of the Straits of Florida, and of 
each 5°} subdivision of the Caribbean Sea; the 11-year 
means (1920-1930) for these areas; and the local mean 
time corresponding to Greenwich mean noon, at which 
time the mariners are instructed to make the temper- 
ature readings. 

During April, temperatures in both the Straits of 
Florida and the Caribbean Sea continue to possess 
distinctly cool-season values, the April 11-year means for 
both areas being intermediate between those for Decem- 
ber and January. The trend is, however, distinctly 
upward, and the last quarter of April is approximately 

warmer than the same quarter of March in the Carib- 
bean Sea. In the Straits of Florida the temperature 
difference is nearly 2°. 

The surface water was slightly cooler than the 11-year 
average during the first half of April, 1930 in the Straits 
of Florida. In the Caribbean Sea, the northwestern 
aero was somewhat cooler than the average, while the 

eas epee departures were positive over the remainder 
of the sea with the exception of the eastern extremity, 
where available data give evidence of cooler water than 
in March. For the Caribbean as a whole, the one 
were small throughout the month. 


unimportant areas at the outer limits of the Caribbean Sea have been treated as 


1 In 3 cases, as indicated on the chart, the observations from small, little traveled, and 
of contiguous 5° subdivisions. 


Aprit, 1931 


TABLE 1.—Lengths of ‘‘Quarter-months’’ used in computing mean 
sea-surface temperatures 


. Days of month included in quarter 
Length of month 
I II Ill IV 
28 days... 1-7 8-14 15-21 22-28 
30 days--........ 1-7 8-15 16-22 23-30 


TABLE 2.—Mean sea-surface temperatures in the Caribbean Sea and 
the Straits of Florida for April (1919-1930) 


Caribbean Sea Straits of Florida 
Year Number| Mean | Number} Mean 
of obser- | temper- | of obser- | temper- 
vations ature vations ature 
155 79.3 34 76.8 
194 78.5 74 77.2 


1 Not used in computations because of insufficient data. 


TaBLE 3.—Mean sea-surface temperatures and number of obser- 
vations, April, 1930 


Caribbean Sea Straits of Florida 
Depar- Depar- 

Quarter | Period | Num- Num- 
Mean| 11-year | preced- Mean! 11-year | preced- 

vations — ing vations — ing 
Cs (1920- | month (1920- | month 

1930) 1930) 

Mouth. 2422... 580 | 79.4) +0.1] +0.5 127 | 76.5) —0.4 +0.7 


Distribution of Greenwich Mean Noon Bucket Observations of Sea-Surface Temperatures, April, 1930 
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CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 


Aprit, 1931 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. 
The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and ES 
reatest and least monthly amounts are found by using all trustworthy records available. xs 
"The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of * 

tions. 
yer Condensed climatological summary of temperature and precipitation by sections, April, 1931 es 
[For description of tables and charts, see January, 1931, REVIEW, p. 50] 


the 


Temperature Precipitation 
8 Monthly extremes Greatest monthly Least monthly 
: Station i g Station g 8 Station Station i 
oF, | OF. ty! In. In. In. In. 2 
61.5 | —2.1 | 90 1 | 3.42 | —0.85 | Troy (No. 8.66 | Tuskegee... 1.44 
62.2 | +2.3 | 2 105 9 | 1.09 | +0.42 | 3.88 | Goodyear. ........-. 0. 00 
59.1 | —2.4| 92 6 | 2,62 | —2.43 | Little } 0. 62 
58.6 Greenland Ranch..-| 106 25 | 1.28 | —0.43 | Squirrel 7. 87 
44.7 1.1 | Las 92 4 | 1.26 | —0.62 | North 3.59 | 2 stations........... 0.14 
67.5 8 | 4.46 | +1.74 | Fort Pierce........- 11.16 | Panama City...--.-- 0. 57 Se 
61.9 7 | 3,01 | —0.61 | 7.00 | 0.72 
45.7 3 | 0.95 | —0.43 | 0. 04 
53.2 2 | 2.68 | —0.78 | 5.12 | Paw 141 
52.5 14 | 3 stations. .........-. 21 12 3.13 | —0.43 | 6.04 | Winona Lake. ...... 1. 58 
50.9 8 | Washta. ....-....... 17 1 | 2.29 | —0.67 | Bonaparte (near)....| 5.04 | Lake Park (mear)._.| 0,82 ve 
53.1 8 | Goodland._......-.--| 20 21 | 2.41 | —0.29 | Claflin.....-..-...-- 4,04 | Tribune..__......... 59 
55.9 116 | 2stations..........- 25| 12/| 4.52 | +0.49 | Junction 6.49 | Hopkinsville. ....... 2.91 
63.7 16 | Dodson.......-.---- 31 6 | 2.25 | —2.44| Minden.-........... 7.75 e Charles__.._... 0. 38 
51.4 9 | Oakland, Md-.----. 18 30 | 3.08 | —0.49 | Oakland, Md-----.-- 4.52 | Coleman, Md.._.--- 1.95 xe 
44.4 110 | Deer Park (near)....| —2 1} 1.49 | —1.06 Qnewag ines) 4.33 | Frankfort........... 0.17 
45.8 | +3.2 12 | Grand Marais_..---- 9 5 | 0.86 | —1.13 | Grand Meadow..-.-- 3.05 | Crookston_.......... 0. 05 rae 
62.6 | —2.0 15 | Port Gibson......-..| 32 6 | 2.41 | —2.43 | Water Valley....--. 5.70 | Natchez_....--...... 0. 42 rs 
54.8 | —0.3 17 22 5 | 3.07 | —0.74 | 6. 23 | Jefferson City....... 1, 38 
43.9 | +1.5 —6 3 | 0.56 | —0.58 | Red ge (near)...| 3.49 | 4stations........... T. 
50.0 | +1.0 17| 10} 25| 1.38] —1,07| Hebron...........-- 4.55 | 2stations........... 0.27 
50.7 3 118 | Zorra Vista Ranch.-| 6 3 | 0.72 | —0.04 | Lewers Ranch-...-- 2.87 | Lovelock...........- 6. 00 
45.6 1.9 119 | Garfield, Vt.......-- ll 12 | 2.90 | —0.36 | Rockport, Mass..... 5.13 | Fort Kent, Me.....- 1, 06 a 
49.8 | +0.4 118 | 20} 30| 2.85 | —0.91 | Woodcliff Lake. .-- 5.17 | Phillipsburg. 1. 53 
50.5 | —0.6 16. 5 2 | 2.30 | +1.32 | Gallinas Planting | 7.22 | San Marcial_-...... 0. 26 
Station. 
New 45.9 | +1.6 | 86 | 121] 2 13 6 | 3.32 | +0. Boyds Corners...-... 1, 02 
North 56.2 | —1.7 | 88 9 | Mount Mitchell.....| 15 7 | 4.28 | +0.76 | 8.06 | Southport......-.... 0. 93 
North 44.1 | +2.5 | 87 18 3 3 0.43 | —0. Jamestown.........- 0. 00 
50.1 | +0.4 | 2 stations. -........- 87| 19] Holgate............. 21 7 | 4.31 | +1.10 | Portsmouth (1)..-.-| 7.76 | 1,80 
56.7 | —3.0 | 3 stations. _ 88 | 114 | 11) 3.06 | —0.72] CIS 1. 06 
48.4 | +1.6 | 2 stations. 92 4 18 | 1.50 | —0.47 | 6.15 | 0.11 
Pennsylvania. ........ 48.4 | —0.3 85 19] Ridgway............ 16 24 | 3.33 | —0.11 | 5.93 | Montrose. .....-...-. 1,00 
South Carolina. 60.2 | —2.1 | Beaufort (near)._...| 89 26 | Caesar’s Head --.--- 29) 12) 3.24) +0.16 | Caesar’s 6.93 | Charleston.......... 0, 92 est 
South 48.2 | +2.5 97 Camp Crook.......- 5| 0.78 | —1.32 | Harveys Ranch....- 2. 50 | 2 stations. 7. 
«+| 57.4 | —1.3 | Cedar Hill. ......... 90 16 | 27 7 | 3.62 | —0.86 | McGhee........--.-| 6.56 | 1,27 
Texas 61.4 | —4.8| Fort MoIntosh......| 97 26 | Dalhart............. 18 1} 2.36 | —0.80/ B 7.09 0. 12 
Utah 48.4 | +2.0} 90 | 19 | Soldier Summit .... 8| 3] 1,00 | —0.35 | Silver Lake......... 3, 85 0. 02 
Virginia §3.6 | —1.0 | Christ Church. 90 10 ale Enterprise. 22 1; 3.55 | +0.23 | Mendota_........... 5. 62 2. 03 
48.8 | +0.8 | Wahluke............ 93 30 | Paradise Inn--...... 8 18 | 2.42 | 13.17 0. 00 
West Virginia, ........ 50.7 | —1.0 | 2 88 | 114} 18} 30 | 4.12 | +0.48 | Dam 19, Ohio River.| 6, 24 2.13 
Wisconsin... .......... 46.0 | 86| Long Lake.........- 8} 11| 1.22] —1.36| Mondovi_..........| 235 0, 36 
40.8 83 13 | Dome Lake..-...... —16 3/114] —0.35 Aspen| 4.26 0. 27 
T 
Alaska [March]. ......| 15.3 | +0.4| Dillingham.........| 60| 3 | —44| 14/ 1.25 | —0.62| 11.58 T. 
| 69.9} —0.1 | 100} 27 | 42| 19} 879 | —0.19 | Puohakamoa(No.2).| 39. 40 0. 00 
Porto Rico. 76.6 | +1.3 | 2stations........... 95| 17| Guineo Reservoir...) 51 7 | 7.25 | +2.56 | Rio Blanco.........| 17,98 | 0.00 
1 Other dates also, 
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TaBuLE 1.—Climatological data for Weather Bureau stations, 
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District and station 


pids....- 


Williston 


North Dakota 


Lower Lake Region 


Ohio Valley and Ten- | Ft. | Ft.| Ft.| In. 


Port Huron........... 
Sault Sainte Marie...- 
Green Ba 


Grand Ra 
Hou 
Ludington. ........... 


Rochester ......-....- 
Cleveland............- 


947 


Nashville...---------- 
Dayton. 


Memphis. ......-.---- 


Cha 


Mh 
MO. 


gfield 


i 


pringtield, 
ia, Mo 


St. 


Missouri Valley 
Columb: 


Kansas 


8t. Jose 
8 


Peoria 


8 


prin 


Cairo... 
Tola 


61309—31——-3 


| | 
| | | | i 
| 
|_| 
In. | In, | °F, In. | In. 10| In. | In. 
nessee 54,7, —0.1 —0. 
762| 190) 215) 29. 25) 30. 06|+-0. 03| 59.4) —0.9 42) 57| 2.53) —2.3 5, 767| sw. nw. | 26] 19 ll 0.0) 0. 
995} 102} 111] 29. 00) 30.06) +. 03) 58.4) +0. 4| 69 49| 43| 63| 4.81] +0.7| 11) 4,366 sw. sw. | 21 10 | 0. 
| 399] 76 97| 29.64) 30.07| +. 07| 61.3] —0.5| 71 52| 44 1.29] —3.5| 5, 128] s. 61s. | 8 0.0! 0. 
| 646] 168} 191] 29. 50} 30.09} +. 08) 58.4) —0.6 68 43 2.44) —1. 5,921) nw. | 28| nw. | 1) 43] 10) 0.0} 0. 
| 989} 193] 230} 29.01) 30.09) +.07| 54.0) —0.3 63 +8: 9| 7, 746) sw. 30} nw. | 26) 16 0. 
525| 188} 234] 29. 50} 30.06] +.05) 56.0] —0.4 66) 50} 45 3. 85 12) 6, n. 33] w. 26] 10 T. | 0. 
| 431] 76} 29. 60) 30.07| +. 07) 56.8} +0.1| 1m 66 50| 44 3.10} — 10| 5, 417| s. sw. | 10 0.0 0. 
822) 194] 230} 29. 16} 30.05) +. 05) 52.7) +0. 6 62 44) 37| 59| 3.58 13} 6,513) nw | 31) nw. | 26) g T. 
| 736] 11] 29.25) 49. 61 2.55} 12] 6,332] nw. | 33) w. 10 
575} 96} 129} 29. 44) 30.06)... 54. 65} 30; 45 47| 41 2. 68) — 14) 5, 336; n. 25) n. 5: 0.0 
627; 11) 51) 29. 38) 30.06) +. 05) 53.4) +1.0 63) 32 44 46| 40) 65| 3.93) + 10| 4, 597} sw. nw. | 26) 39 | 1.8 
822| 216} 230) 29.17} 30.05) +. 03) 51.7) +0.5 62} 31| 42 44 62| 438) + 10| 7,215} nw. | w. | 14 
| 899] 137| 173| 29.09} 30.05|......| 52.4) +0. 8] 43 44) 37| 62| + 10| 5,539} ne. | 27| nw. | 26) 13 
59} 67| 28.00) 30.08) +.05| 47.5} —1.3| 19) 60) 25) 41 2.92] — 11} 4,026) nw. | 28) w. 12\ | 26 2 
77| 82} 29. 41) 30.07) +.04) 53.1) —0. 3) 14) 64) 33 4 44) 4.39) + 3,802) nw. | 30) nw. | 26) 14 | 40 
353} 410} 29, 12) 30.04) +. 02) 50.6) 32) 41 3.61) +0.7 6, 867| w. w. 2.7) 0. 
47,2} +1,8 G4) 2.79) +0.3 | 
Buffalo. .......-......| 247) 280} 29.16) 30.00) —.01) 45. 20 28 35) 40) 34] 68 0.0} 13/10, w. w. 26 5.3) 2.4) 0 
448} 10} 61| 29. 48] | 45.0 21 24] 35, +0.2} w. | 40\w. | 13 5.5) 1.7 
836) 74) 100) 29.09) 46.0 21) 26 36} 40) 65 0.0 nw. | 34/s. 10 16.1) 4.3) 
835) 71) 85) 29. 63) 3 45.2 20} 31 37| 37| 39) 32) 65 +0.1 7, w. 31) w. 27 | 5.9) 
523| 29. 44] 47.0 28] 381 36! 391 50 | —0.2) w. | 36\w. | 28 5.3| T. 
596| 79) 29.38 47.4 36) | +0. 6 s. | sw. | 26 5.5 
714} 130} 166} 29. 25) 3 +. 46. 6 20} 30 39] 35) 41 70 +0. 6 8, w. 40| sw. 28 4.3) 4.1) age 
762| 267| 337| 29.20) 3 47.4 9} 32| 40| 34 34] 62 w. | iw. | 26 4.71 1.6 
629} 5| 29.36) 48.7 20 33] 40] 37) +1.6 34, w. | 26 4.7 0.3] 
628| 208} 243} 29. 36| 3 49.0 13 30| 40} 33! 60 +0.3 Siw. | 43iw. | 28 | 
856; 100} 119} 29.12) 3 .-.---| 50.0 13 32 40} 34) 43) 36| 64 —0.4 6, nw. | nw. | 26) 4.6} 2.1 
| 30} 218] 258] 29. 25) 30.05] +. 03) 48.6 13 29| 38| 37) 41) 34] 64 —0.6 6, ne.| 33| sw. | 28 4.0) 2.1 
Upper Lake Region 43,6) +2,1 66 5 
609] 13] 92) 29.36) 30.03) +.01| 40.7| +2. 12 31} 48) 36 67| 1.77) —0.5; 7,823) nw. | 36) nw. | 26) 1 946 2.6) 0 
54] 60} 29.37] 30.05] +. 03) 39.7) 8 32} 29) 34) 28] 66| 0.51] —1.7| 7| @701/ s. nw. | 22) 10 5. T. | 0 
Grand Haven.._......| 54| 89] 29.35) 30.04) +. 44.2) +0. 15] 36} 31} 38] 321 1.08} —1.6) sw. | 33| nw. | 26] 0.1) 0 
707| 70) 244] 29. 27| 30.05) +. 03) 48.6) 9| 38] 40 31; 1.75| —1.0| 4) sw. | sw. | 12 0} 12) 5. T. | 
668} 64] 99} 29.29] 30.02} .00| 40.2) 13] 30} 46). 1.15] —1.1] 8 | e. 38} nw. | 10) 1M 12) 5. 5.3) 0 
878} 6} 88} 29.08] 47.1) +1. 9 35} 46 34) 66, 1.87| —0.7| 8 nw. | 32) nw. | 26 13,49 | 0 
637} 60} 66} 29. 33) 30. 04)__.___| 42.6) 14| 36} 27) 34) 73| 1.15} —1.4) 8 | n. sw. | 20 10 T. | 0 
| 734] 77| 111) 29.22) 30.03) +.01| 41.0) 12 33} 47| 35] 29] 65| 2.08) —0.4) 9 | sw. | 12 16| 10.9) 0 
70} 120} 29.33) 30.03) +. 01) 44.5) 13 35} 39] 38] 33] 70) 2.28) 0. 8 In. 37| nw. | 26) 18 12) 5. 0.9) 0 
| 614) 52| 29.33] 30.04) +.01| 38.5) +1. 18 18 35} 73| 1.04) —1.2} 8) nw. | nw. | 28] 2.7) 0 
673} 131) 29. 33} 30. 06) +. 06) 49.2) +2. 13 32 41} 36) 1.75) —1. 7} ¢ | ne. 28) nw. | 28 2; 95. T. | 0 
617| 109} 141] 29. 36] 30.02} +.01| 45.4) 78] 12 26| 35} 41) 32] 65| 0.63) —2.0| 6 sw. | 12) 6 15,68 T. | 0 
681] 125} 221) 29. 30.04] +.05| 46.6] +2.) 78) 12 30) 38} 41) 39] 32) 64 0.90} —1.8| 7 n. 37| sw. | 12/11/10) 915.8 T. | 0 
| 1,133} 47| 28.81] 30.05) +. 04) 42.0) +5.0| 76] 18 19| 31] 35} 35} 28] 64| 1.04) —1.0/ ne. | 38) w. | 1015/10) 2.7) 0 
44,6) +3,8 54) 0,54) —1.2 4,4 
940| 50} 58} 29.00} 30.03] +. 04| 44.6] +4. 82| 17) 58 4| 31] 56| 0.46] —1,7| 6,927/ n. 28} nw. | 10) 11) 9) 5.4) T. | 0.0 
1,674) 8| 57| 28.22) 30.02} +. 05| 45.6) +3. 5) 83] 59 3] 32} 43] 37| 27| 56| 0.42} —1.1| 6,290| nw. | 35) s. 14) 15] 13} 2| 3.7| 0.8] 0.0 
1,478, 44] 28. 42} 30.02! +.03| 42.4) +3.6| 82] 17) 55 3} 30] 42 | 35| 0.65) —0.9) 7,282) n. 28| nw. | 8] 13} 9| 8| 4.8) 1.4) 0.0 
) 1,457| 10} 56} 28.46) 81] 17] 58 4) 31) 46 1.15] —1.0} 6] 9,895) nw. | 48! nw. | 8! 9/ 15| 6) 5.0; 1.7) 0.0 
833 43. 6]......| 82] 17] 58 4| 29) 44 | 0.15) nw. | 37] w. 24] T. 1 0.0 
41] 48} 28.02} 30.02] +. 06| 46.0) +4.0) 82) 17) 60 21| 32) 42| 36 47, T. | —1.2 5,733} w. | 36) nw. | 8 15) 13) 2} 3.1) T. | 0.0 
52,5) +2.3 2.08] —0.8 4 
) Minneapolis. ........ 918} 102) 208) 29. 00} 29.99 0 1.20) —1. nw. 10) 12} 
St. 837] 114] 149} 29.12] 30.04 39 1.47] -0.9 16] n. 10) 16 9 2 
) La Crosse.............| 714 11| 48] 29.25] 30.03 39 1.62) —0.8 #284) nw. 13} 11 
974] 70} 78] 28.98] 30. 05) 38 1.97) —0.8 nw. 12| 13] 6| 11 
) 4] 62} 28. 69} 30. 04) 34 _.| 0.66} —2.0 n. 10| 18] 6| 6 
) Charles 10} 51! 28.97] 30.06} 38 1.88) —0.6 7) nw. 12) 16; 5 0 
Davenport_...........] 606] 71} 79] 29. 40} 30. 06) 42 60} 2.71) 0. 4) w. 12) 13| 4} 13 
) Des Moines...........| 861] 99] 29. 15} 30. 06| 41 62} 1.55| —1.4 43| nw. 12| 12} 4| 14, 5. 0.4 
) 700| 81) 96} 29. 30} 30. 05) 41 1.43) —1.4 nw. 10) 12} 5] 13) T. 
) 614) 64] 78] 29.41| 30. 08! 44 65| 3.27, +0.3 4, 345) n. 12) 12}. 5) 13) T. 
) 358] 93] 29.68} 30. 07 | 50 70| 4.00) +0.3 5, 248) n. 10} 6) 14, 0.0 
) 609} 11} 45| 29. 41/ 30.08 42 68| 2.23) —1.2 3,940) nw, 7| T. | 
636| 191) 29. 38) 30.06 44 68} 1.88] —1.6| 10; 7,214! nw. 26| 8| 8| 5. 
534] 74} 109) 29. 30.08 45 |__| 2.18) —1.0| 9| 5,025! nw. 12| 13) 4| 0.0 
265] 303] 29. 30.06 48 3.23) —0.6| 12) 6,889) nw. 21) 13) 11 48 T. 
) 
58| 1.93) +0. 4. 
784| 84) 29.23) 30.07] +. 09 45 ...| 1.42) — T. > 
) 963} 181| 29. 04| 30.08] +. 12 46 64) 2.62) — 5. T. 
967| 11) 49) 29.02) 44 3.56) + 
1,324] 98) 104| 28. 67| 30.09) +. 12! 46 66, 3.80) — T. | 
984] 11) 50 30.07) +. 12} 44 ---| 3.04) — 
) 987| 92} 107 44 2.49) 
1,189} 11) 81 42 63} 1.76) — 
) 105] 115] 122! 42 57| 1.22] — | 
) 47| 54| 34 0.67) — . | 
94} 164 40 53| 1.34) — 
306] 50 74 35 52| 1.06| — | 35] nw. 
; 1,5 0| 75 | 36 48) 0.40) — | 38) nw. 
233] 49 | 39 LIF | 32| nw. 13 | 
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TABLE 2.—Data furnished by the Canadian Meteorological Service, April, 1981 
| Pressure Temperature of the air Precipitation 
Altitude 4 
Stations soi Stati Sea level M 
mean sea on ev ean 
*| Depar- Depar- | Mean Mean Depar- 
ture from turefrom| maxi- | mini- | Highest | Lowest |} Total 
24 hours | 24 hours normal min. +2 normal mum mum normal 
Feet Inches Inches Inches ° F. oF: oF. © 7. oP; °F. Inches Inches Inches 
Cape Race, N. F_.-- 99 |/.------- 38.0 45.3 30.7 56 18 6@ti.c.....- 0.0 
Sydney, C. B 48 29. 91 29. 96 +0. 07 40.8 +5.8 48.2 33.4 59 22 3. 62 —0. 23 7.9 
alifax, N. 8 88 29.85} 29.96 .00 43.6 +5.8 61.7 35.5 66 27 3.63| —0.55 T. 
Yarmouth, N. 8_.... 65 29.85 29. 92 —.04 42.6 +3.7 49.1 36. 2 63 29 3. 82 0. 00 T. 
Charlottetown, P.E.I 38 29. 85 29. 89 -.01 40.0 +4.8 47.0 33.0 58 26 1.88 —0.77 7.6 
Chatham, N. B 28 29. 82 29. 85 —.05 40.3 +4.8 50.5 30.1 67 20 2. 24 —0. 39 2.7 
Father Point, 20 29. 87 29. 89 —.04 38. 2 +5.0 45.0 31.5 58 24 0. 42 —1.16 0.6 
uebec, Que...---- 296 29. 63 29. 96 —. 03 42,2 +7.1 51.2 33.3 74 23 2. 67 +0. 58 2.2 
oucet, Que. 1, 236 45.9 21.9 75 —10 1.9 
187 29. 73 29. 94 —. 06 46.5 +6. 8 55. 6 37.3 79 26 2.82 +0. 58 T. 
Ottawa, Ont-_---- 236 29.70 29. 96 —. 06 45.8 +5.8 57.1 34.6 82 24 2. 39 +0. 89 19 
Toronto, Ont-..- 379 29. 60 30. 02 - 00 44.8 +4.0 53.5 36.1 78 23 1.90 —0. 47 2.2 
Cochrane, 930 34.0 44.1 23.9 68 4 16.2 
Southampton, Ont_.-.-- 656 29. 29 30. 02 —.01 41.1 +2.4 50.3 31.9 72 22 1.91 +0. 11 1.6 
Pe ME Rink cennncccncudiebcames 688 29. 31 30. 01 —.01 40.3 +2.7 49.0 31.7 75 23 2. 38 +0. 47 3.6 
Port Arthur, 644 29. 29 30. 00 —.03 38.4 +4.9 47.4 29.4 65 18 0.77 —0.95 6.2 
760 29. 18 30. 03 +.01 41.7 +5.8 52.4 31.0 75 11 0. 34 —0.71 1.4 
Minnedosa, Man at 1, 690 28. 17 30. 02 +.01 40.3 +4.3 54.2 26. 4 81 6 0.15 —0.91 1.2 
Le 36. 6 48.7 24.5 73 -7 0.3 
2,115 27.70 29. 96 —. 03 42.2 +4.8 55.9 28.4 80 8 —1.05 7, 
Swift Current, Sask._.................... 2, 392 27. 41 29. 95 —.01 44.0 +2.7 59.1 28.8 77 9 0. 24 —0. 69 1.6 
Medicine Hat, Alb 
Prince Albert, Sask 
Edmonton, Alb-- 
Kamloops, B. 
Victoria, B. C___- 
Late Reports, March, 1931 
Medicine Hat, Alb. 2, 144 27. 29. 84 —.16 31.3 +3.8 42.2 20. 4 ~Y 0. 52 —0. 24 4.6 
Beet; AM. enna 4, 521 25. 32 30. 02 . 08 26.7 +6.5 36. 5 16.9 50 —11 0. 80 —0. 61 7.4 
Edmonton, 2, 150 27.73 30. 10 +. 14 6 —3.6 28.9 12.3 —2%6 1, 25 . 53 12.4 
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